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Idaho National Laboratory

• Managed by the Department of 
Energy (DOE) and occupies 2300 km2

(890 mi2) including portions of five 
Idaho counties

• Designated as a National 
Environmental Research Park (NERP) 
in 1975

• The INL Site now serves as a science-
based, applied engineering national 
laboratory that supports the DOE 
missions in nuclear and energy 
research, science, and national 
defense



Rationale for Developing a Vegetation Map

• Previous INL Site vegetation maps are 
outdated and lack quantitative accuracy 
assessments

• Assist with land management decisions, such 
as assessing potential impacts from various 
land-use scenarios or project siting studies

• An updated vegetation map is needed to 
support predictive habitat suitability models 
for sensitive or threatened species (e.g., 
Greater Sage-Grouse)

1978 INL  Veg Map



Project Objectives

1) Characterize the vegetation community types present on 
the INL Site

2) Define the spatial distribution of those community types

3) Conduct a thorough accuracy assessment of the resulting 
map

Our methods generally followed those implemented under the NPS 
Vegetation Inventory Program(formerly known as U.S. Geological 
Survey-NPS Vegetation Mapping Program)



Defining Vegetation Classes

• Collected point intercept data 
at 314 plots in 2008

• Multivariate statistical 
classifications using both 
geometric and non-geometric 
evaluators

• Resulted in 26 vegetation 
classes

• Developed a dichotomous 
key to rapidly identify 
vegetation classes in the field

Class Types:
2- Wooded or Woodland
7- Shrubland
4- Shrub Herbaceous
5- Dwarf Shrubland
5- Herbaceous
3- Semi-natural



Digital Imagery

• Orthorectified color-infrared imagery 
was collected on June 15, 2007 
using a Leica ADS40/SH52 
pushbroom sensor

• 1 m spatial resolution, and 16-bit 
radiometric resolution

• Some cloud/cloud shadows present, 
so we also used 2004/2009 Idaho 
NAIP imagery in those regions 



Object-Oriented Classifications

• We initially investigated some 
automated mapping 
approaches, but recognized 
limitations

• Some specific species (i.e., 
juniper trees) were accurately 
mapped, but community 
boundaries not identified 

• We used the Feature Analyst 
juniper classification to 
calculate cover values Juniper Cover

True-Color Image eCognition

Feature Analyst



Shadscale Dwarf Shrubland Wyoming Big Sagebrush 
Shrubland

Indian Ricegrass
Herbaceous Vegetation

Tall Tumble Mustard-Cheatgrass
Herbaceous Vegetation

Utah Juniper Wooded Shrub 
and Herbaceous 

Green Rabbitbrush Shrubland

29% 46.6% 50.3%

40.5% 57.2% 63.4%

Example Vegetation Class Mean Cover Values



Mapping and Image Delineations

• Manually digitized draft 
boundaries at a 1:12,000 scale

• Special features (e.g., Big Lost 
River channel) were digitized at a 
1:2,000 scale

• Relied on ArcGIS editing and 
snapping capabilities (specifically 
the Trace tool) to maintain 
topological integrity while mapping 
polygon boundaries

True-color Imagery Statistical Texture



Draft Vegetation Delineations

1) 2)

3)

1) 2) 3)

First draft delineations were 
evaluated with field visits 
and  found to be too detailed

Despite visual differences 
observed in the imagery, 
the vegetation class on 
the ground was the same 
at each point 

Wyoming Big Sagebrush Shrubland



Accuracy Assessment Field Sampling

• In 2009 we collected independent 
field data at 535 plot arrays

• Keyed each subplot to a 
vegetation class

• Assigned plot array to a single 
class or two-class complex based 
on subplot class designations
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Map Accuracy Assessment
• Error Matrix to calculate accuracy metrics with 90% 

confidence intervals
– User’s Accuracy: the probability that a classified map 

polygon is actually that category on the ground
– Producer’s Accuracy: the probability that a true positive 

location on the ground is correctly classified
– Overall Accuracy

• Kappa coefficient (accounts for chance agreement)



Fuzzy Set Theory

1) Absolutely Wrong- This answer is absolutely unacceptable. Very 
wrong.

2) Understandable but Wrong- Not a good answer. There is 
something about the site that makes the answer understandable 
but there is clearly a better answer. This answer would pose a 
problem for the users of the map. Not Right.

3) Reasonable or Acceptable Answer- Maybe not the best possible 
answer but it is acceptable. This answer does not pose a problem 
to the user if it is seen on the map. Right.

4) Good Answer- Would be happy to find this answer given on the 
map. Very right. 

5) Absolutely Right- No doubt about the match. Perfect.

(Gopal and Woodcock 1994)

Fuzzy set theory has been used to allow multi-class membership when there are 
degrees of ‘correctness’ rather than strict right or wrong comparison between 
map and validation data



Bray-Curtis Community Similarity Matrix

-Yellow cells denote BC scores above the selected 0.35 threshold
-Green highlighted cells identify vegetation classes assigned to Fuzzy 
Level 4 based on dominant species or physiognomic structure



Mapping Results Summary

• A total of 1964 mapped 
vegetation polygons (previous 
vector map contained 103 
polygons)

• Smallest polygon was 0.52 
acres and the largest was 
58,400 acres)

• The big sagebrush classes 
covered the largest mapped 
area and exhibited the greatest 
map accuracies



Map Accuracy Summary

Fuzzy designation improved some class accuracies but didn’t change others



Previous INL Vegetation Map Comparisons

2007 True-color Imagery 2010 INL Vegetation Map

1978 McBride et al. Map 1992 Kramber et al. Map

Pixel-based 
mapping produces 
salt-and-pepper 
results

Polygon-based 
mapping produces 
contiguous class 
results



Advantages of Mapping in a GIS

• Field Sampling Site Selection

• Vector Editing Tools

• Ancillary Dataset Overlay and Swipe Tools

• Polygon Topology Rules for QA/QC



Project Summary and Recommendations

• Manual mapping methods may be most appropriate for 
vegetation communities with low total cover values

• When possible, vegetation communities should be 
sampled on similar spatial scales as the mapping scale

• Fuzzy set theory can provide a more meaningful 
interpretation of map class accuracies/errors 

• Quantitative and objective methods for defining Fuzzy 
Levels can allow for direct comparisons between 
mapping projects
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