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Classical Approach

SGA Pine BAA All BAA Longleaf Dominant (Acres)

ARSA 29.2 62.6 352,913

GCPEP 27.5 58.6 714,115

OCLIT 15.9 53.6 343,112

OOL 33.6 64.6 70,065
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Classical Estimates 
(Stratified by NLCD)

NLCD Pine BAA 
(ft2 / Acre)

All BAA 
(ft2 / Acre)

Longleaf 
Dominant (Acres)

Evergreen 53.9 73.5 26,158

Woody Wet 27.1 92.9 8,847



Spatial Outputs

Alternative Approach 

Error

Preprocessing

Modeling

22,400,000 acres

Papers



How It Works

ADF 2008



Improved Spatial Modeling Tools



Modeled Estimates

Longleaf 
Dominant (Acres)

Lower 
95% CL

Upper
95% CL

52,737 45,271 60,202

  

  



  

  

Comparison (30 miles2)
NAIP

NLCD

Modeled Longleaf Dominant

NLCD Class Pine
BAA

All 
BAA

Longleaf 
Dominant

Evergreen 53.9 73.5 26,158

Woody Wet 27.1 92.9 8,847



Restoration Prioritization

Restoration hotspots



Utility

  

  

 

  

Biomass
Tons/Acre
High    Low

Co
st

 Z
on

es
$/

To
n

Hi
gh

   
   

   
   

   
   

   
   

   
 L

ow

Papers & Tutorials



Challenges
• Imagery

• Dates\Resolution\Preprocessing

• Plot Protocol
• Layout
• Size
• Sampling intensity
• Small trees

• Co-registration errors
• GPS
• Imagery



Improving Base Information
• Imagery Normalization

• Improve radiometric normalization

• Co-registration error
• Quantify impact
• Correct for bias

• Plot Protocol
• Design layout to related to imagery
• Types of information

• Sample Design



Image Normalization
Overlap
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Image Normalization NAIP

Aggregation size

NAIP



Plot Protocol & Co-registration Errors: 
NAIP Shift GPS & Image (8m, 6m)



Simulations
• 6 real images and 19 virtual images

• 200 locations

• 2 random shifts 
• GPS (7 m)
• Image (NAIP: 6 cells, Landsat: 2 cells)

• Extract spectral values

• Regress against one another 

• Record intercept, slope, RMSE and 
R2

• Repeated (1-100 cells)

𝑌𝑌𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽𝑖𝑖𝑋𝑋𝑖𝑖
Record



Results: Co-registration

Landsat NAIP

ln
𝑅𝑅2

1 − 𝑅𝑅2 = ln 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 𝐺𝐺𝐺𝐺𝐺𝐺 + 𝑜𝑜𝑙𝑙 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ∗ 𝐺𝐺𝐺𝐺𝐺𝐺



Plot Protocol & Co-registration errors 
• Given extent, what sampling intensity and 

spatial layout

• Layouts
• 1 big plot
• 4  subplots one in each corner
• 4 subplots randomly placed
• 4 subplots based on FIA protocol
• 5 subplots one in the center one in each corner
• 9 subplots equally spaced out within the extent

• Intensity
• 5-100% area inventoried

One
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Nine
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Results: Plot\Subplot Layout

• Plot data
• GPS location Subplot1

• 20 positions (Averaging)
• HDOP < 5
• 3D mode
• DGPS if possible

• Picture
• Subplot data

• Last Burn
• % CWD
• % Herb
• % Saw
• % Broad
• % Bare
• % Pine

• Tree
• DBH > 2”
• Species
• Status
• Count 
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Sample Design
•Modeled sampled design

• Partition population 
• Inexpensive and costly locations

• Describe the distribution of predictor variables for the 
population

• Select sample units that minimize the number of 
expensive samples while matching the population's 
predictor variables distribution



• Develop a methodology to determine if 
the values of a sample match the natural 
population distribution

• Multivariate Kolmogorov-Smirnov  (K-S) 
test

• Partition predictor variables into cluster 
space

• Randomly select locations within 
predefined inexpensive areas to match 
frequency distribution of the population 
clusters

• Test the distribution of predictors 
variables

How
( ) ( )xfxfd nnx 21max −= ( ) ( )∑

=

≤=
n

i
in xxI

n
xf

1

1
i

k

i
icKSstatistiwKS λ∗=∑

=1



Results: Sample Design
Before

After



Results: Field Plots
Random Locations

Modeled Locations
Natural Distribution

Practical

Integrated



Next Steps

• Normalize NAIP imagery

• Build predictive surfaces

• Summarize plot data

• Build models and outputs

• Compare predictions

Basal Area Per Acre

NAIP



Questions

John Hogland, Biological Scientist
Rocky Mountain Research Station
800 East Beckwith  Missoula, MT 59801
Phone: (406) 329-2138
email: jshogland@fs.fed.us

RMRS Raster Utility Website: http//www.fs.fed.us/rm/raster-utility/

http://www.fs.fed.us/rm/raster-utility
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