
North American Forest Disturbance and Regrowth Since 1972
Empirical Assessment with Field Measurements and Satellite Remotely Sensed Observations.
In Support of the Interagency North American Carbon Program (NACP) and NASA Carbon Management Program

Research Objectives 

• 30 + years of U.S (& Canada) disturbance regimes

• Sucessional regrowth in the US (& Canada) within each disturbance 
regime

• Transfer of these monitoring protocols to operational use in the USFS 
Forest Inventory and Analysis (FIA) program

Processing Overview

1. Standard geometric and radiometric 
correction

2. Image Preprocessing by LEDAPS
• Orthorectification
• Atmospheric correction
• Radiometric normalization

Change Detection
• Automated multi-temporal change 

detection

Canopy reflectance 
model

30+ years Landsat 
image archive

Geometrically & radiometrically
consistent images

FIA Inventory data

Disturbance 
and regrowth 

map series

Forest structure
Biomass change

Calibration

Cross validation

What Are the Problems

30+ Years of Landsat Observations 
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FIA Field Inventory

National Sampling Strategy 

But, how much, where, and when?

Stand Response (NEE)

Harvest Flux

Forest Regrowth Modeling 

Multi-temporal Forest Change Detection

The primary NACP goal is to define contemporary trends in the carbon 
balance of the North American continent.  This, in part, can be 
accomplished by documenting the recent history of forest disturbance and 
regrowth.  We are combining analysis of US Forest Service field 
measurements and remotely sensed observations to achieve this goal.  In 
this study we are evaluating:

CO 2

Regrowth
Disturbance

CO 2

It often takes no more than 3 – 4 years before a major disturbance 
becomes obscured due to successional regrowth. In order to capture the 
major disturbances and establish the post-disturbance history, we propose 
to map disturbances on a bi-annual basis for selected scenes using the 
30+ years of Landsat image archive. 

FIA field data provide 
details on US forest 
conditions from plots 
distributed across all 
forests in the US.  These 
data will be used to 
validate the disturbance 
regimes derived from the 
remotely sensed data as 
well as assist in evaluating 
and modeling the 
observed reqrowth
trajectories. 

The research goals will be achieved mainly 
by analyzing dense time series (biannual) 
of Landsat images at 30+ WRS-2 path/row 
locations across the conterminous U.S. 
and 3 locations in Canada. The sample 
locations in the conterminous U.S. include:

23 selected with known sampling probability 
using a stratified random sampling design

5 selected to demonstrate the application 
potential of this study for the FIA program (see 
next section)

3 selected to develop the methods of this 
study

Samuel N. Goward, UMCP, PI 
Jeffrey Masek, NASA/GSFC
Warren B. Cohen, USFS/PNRS
John Townshend, UMCP
Robert E. Kennedy, USFS/PNRS

Gretchen G. Moisen, USFS/RMRS
Karl F. Huemmrich, UMBC
Andy Lister, USFS/NERS
Michael Hoppus, USFS/NERS
Chengquan Huang, UMCP

Age and type 
distribution of available 
FIA field plots for the 
three prototype study 
areas 
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Sample 
No.

WRS2 
path

WRS2 
row

Sample 
No.

WRS2 
path

WRS2 
row

1 21 37 1 37 34

2 27 38 2 35 34

3 22 28 3 34 37

4 18 35 4 37 32

5 25 29 5 47 28

6 17 31 6 36 37

7 19 39 7 41 32

8 16 36 8 43 33

9 26 36 9 41 29

10 12 31 10 35 32

11 21 39 11 45 29

12 12 27
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Dense time series of 
Landsat-class images

Forest peak

Core forest sites delineated by 
the forest peak

Year stamped forest 
disturbance map

Histograms based on local 
windows

FI   temporal   profile
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Time series of FI 
images

Year 
disturbed

Post-
disturbance 
Regrowth

Identify core forest pixels

Measure
forestness

Detect
forestness
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Lake Anna, VA
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Forest change products 
derived using the multi-

temporal change 
detection method

TM image, 1994-258TM image, 1992-301 Forest cleared in 1994

Spectral Successional Recovery Trajectories
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Application Demonstration

P14r32, E. PA

FIA Northeast

P27r27, NE MN

FIA North Central

P46r29, W. OR

FIA Pacific NW

P16r37, E. SC

FIA Southern

P37r35, N. AR

FIA Inter-Mountain

Modeling forest regrowth using the 
GeoSAIL model (above) and FIA plot 
data (left)

Flowchart of the multi-temporal forest 
change detection method

Typical temporal profiles of different 
land cover change processes

ETM+ image, 2000-188TM image, 1992-294 Forest cleared in 2000

P16r37, South 
Carolina (above)

P15r33, Maryland 
(left)

Landsat detected forest change from 1985 to 2001
Eastern Virginia, p15r34

The following sites are selected to demonstrate the application potential of this 
study for the FIA program


