Expert Attribution for Auto-Key Improvements
(LANDFIRE) and Advancing Methods for
integration with the revised US-National

Vegetation Classification Standard

FINAL REPORT

Prepared by

NatureServe
For the NPS Vegetation Inventory Program & LANDFIRE

30 December 2011

© Marion Reid. Tomsich Butte, Utah.

QA

/

NatureServe

A Network Connecting Science With Conservation



LANDFIRE Improvements — Autokey Analysis

Contact information:

Prepared by Patrick J. Comer, Chief Ecologist
Email: pat_comer@natureserve.org

Phone: 703.797.4802

Mailing address:  NatureServe

4001 Discovery Dr. Suite 2110

Boulder, CO 80303

Acknowledgements

This work was completed with funding provided by the inter-agency LANDFIRE Program
through the National Park Service’s Vegetation Inventory Program. It is the final report as
required for Task Order J2340100052 under Cooperative Agreement H2380-04-0002
between NatureServe and the NPS. The Interagency LANDFIRE Program provided all sample
data used here. An inter-agency team, including representatives from NatureServe, The Nature
Conservancy, Forest Service Rocky Mountain Research Station, Forest Service FIA, and USGS-
Gap Analysis Program provided project design, support, and analysis. Results reported here
emphasize expert evaluations provided primarily by Keith Schulz and Marion Reid; NatureServe
Regional Vegetation Ecologists.

Page 2 of 10


mailto:pat_comer@natureserve.org

LANDFIRE Improvements — Autokey Analysis

Table of Contents

INTRODUCTION.......cuuruueueuseusessessessessessessssssessessessessessessssssssssssssssssessessessessssssssssssssssasssstsssssessesssssssssssssassassaseasessessens 4
PROJECT GOALS .. teetttiieeeetettieeeeetttuiaseeeetatueeeeeeaaaaseeeeaassasseesessassseeeasssasssessssssnsseeesssnsnseeesssssnssesessssnsesesessnnnseeennsnnnenens 4
IVIETHODS . ettt et eetette e sttt tete e e etetee e s e e etetaa e e e e eeaua s e e e e abaa e eeaenba e eaasasa e eeeasasseeaeessasnseeeenssnssseeesnnnnseeenennnnnseennnsnnnneens 6
INTENDED PRODUCTS OF THIS EFFORT .cttttiiiiiiiiiiiiitttttetee e e e e s sttt e e e s e e e st e e e e e e s s e s b b s st e e e e e e e s s s ssnnnnnneeeeas 10

BACKGROUND ON LANDFIRE AUTO-KEYS .....uvueueueurersessesseesssssssessessensessessesnes ERROR! BOOKMARK NOT DEFINED.

RESULTS ..eocueeererseeseessessessessessessessesssssssssssssasessessessessessesssssssssssssassssessesssssessesssssnes ERROR! BOOKMARK NOT DEFINED.
GEOAREA 4: SOUTHWEST INTERIOR....cettttuueteeertriueeeeeernnnneeeerernsseeesenmnnessesennmnnneserersnnseeen ERROR! BOOKMARK NOT DEFINED.

RESUILS FEPOITS ..ttt e e ettt e e e e e e e e e e s st aaaaeeeeessssnnnnes Error! Bookmark not defined.

DISCUSSION .....cuuevueenernenenseasessessessessessesssssssssessessessessessessssssssssassssessessessessessessess ERROR! BOOKMARK NOT DEFINED.

RECOMMENDATIONS (DRAFT)...ucuueueurrrenseusensessssensasessensessssssssssasssssssessessssesssssens ERROR! BOOKMARK NOT DEFINED.

Figures

Figure 1. Modified LANDFIRE GeoAreas in the conterminous U.S. for use in this project......... 7

Figure 2. Example of an image clip for one plot in GEOAIEa 4. .........cccovviiiieieieiene e 9

Figure 3. Groups of MRLC map zones that were the analysis units for the LANDFIRE sequence

tables in the coterminous U.S. ..o Error! Bookmark not defined.

Figure 4. Screen shot of EADB form, showing some of the data the expert reviewer could select

from or sort on to efficiently review similar plots. ............cccceeee. Error! Bookmark not defined.

Tables

Table 1. Categories & fields of data provided to expert during review process. .........c.ccceeveeeennns 8

Table 2. Under-sampled types within GeoArea 4...........cccceevennee. Error! Bookmark not defined.

Table 3. Summary of types with adequate samples where agreement between auto-key and

expert was DelOW 8090. ........cccooeveiiiiriiieiee e Error! Bookmark not defined.

Table 4. A selection of expert comments related to labeling sample plots for types where their

confidence was reported as moderate or lOW. ..........ccccovevvveeeinennn. Error! Bookmark not defined.

Page 3 of 10


file:///C:/Documents%20and%20Settings/marion_reid/My%20Documents/My%20Dropbox/Landfire%20Improvements/NatureServe_NPS_LFImprovements_Final.docx%23_Toc317763937

LANDFIRE Improvements — Autokey Analysis

Introduction

The Inter-agency LANDFIRE Program implemented a series of new procedures and tools for
processing vegetation sample plot data to rapidly supply geo-referenced samples for dynamics
modeling and vegetation mapping. This effort made substantial advances in processing several
hundred thousand vegetation plots nationwide, including standardizing many sample attributes
(species taxonomy, structural classes, etc.) and applying labels reflecting the LANDFIRE map
legend. However, given the pace of project activity, there was limited time to identify systematic
error within the processing auto-keys and internalize lessons learned to improve technical
procedures. There was also limited ability to develop an expert-reviewed, independent sample
data set for use in map accuracy assessment. Additionally, given recent developments, there is a
desire to adopt the revised US-National Vegetation Classification (US-NVC) for future mapping
of existing vegetation types as part of the LANDFIRE effort.

This project represents a cooperative research effort with federal agency partners to
systematically review the results of automated sample plot labeling (auto-keys), identify sources
of systematic error, and clarify needs for technical improvements. Through this review process,
comparisons between the existing LANDFIRE map legend and new types described the US-
NVC were evaluated and documented. The effort has also generated an expert-reviewed,
independent sample data set for use in map accuracy assessment nationwide.

Project Goals

= Identify “accuracy” issues with the existing auto-keys and resultant labels.

= Identify spatial or thematic gaps in the current LANDFIRE national reference database.

= Develop recommended solutions/approaches to issues encountered.

= Build an independent data set that could be used in other applicable mapping projects (GAP,
regional wildlife, state habitat maps, etc.).

= |dentify issues specific to labeling training data based on the newly adopted National
Vegetation Classification Standard hierarchy.

= Identify and document appropriate updates to NPS vegetation field methods documentation.

In-kind contributions to this effort have come from federal agency partners, including USGS
(Gap Analysis Program and Earth Resources Observation and Science (EROS) Data Center), US
Forest Service Rocky Mountain Research Station (RMRS) and Forest Inventory Analysis (FIA)),
among others. The National Park Service retains considerable expertise in the use of project
outputs and benefits directly from project outcomes. NatureServe ecologists have contributed
expertise in U.S. vegetation types and processing procedures, and development of the
LANDFIRE auto-key tools.

Background on LANDFIRE Auto-keys

A major need and hence objective of LANDFIRE was to compile geo-referenced vegetation data
for the entire United States. These data needed to be combined into a single database and
attributed in a consistent, repeatable fashion to NatureServe’s Terrestrial Ecological Systems or a
set of land use or land cover classes. Once attributed with ecological systems, the geo-
referenced samples were used as training data in a mapping effort that utilized a modeling
process whereby the samples were only one of several inputs to the model. Systems for
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Environmental Management (SEM), based in Missoula MT, was contracted by LANDFIRE to
compile the LANDFIRE Reference Database, or LFRDB, of all relatively recent, geo-referenced
vegetation samples (also called “plots™) that could be obtained and processed.

LANDFIRE contracted with NatureServe to work with the LANDFIRE team to develop a
methodology to automate attribution of the samples contained in the LFRDB to ecological
systems or the other standardized land use/land cover classes. Prototyping and testing of this
methodology evolved over several months in 2004 into a process involving two components: a
set of floristic and structural rules for each vegetation type, and a computer application to use the
plots from the LFRDB and the rules as inputs to generate results useable by LANDFIRE’s
mapping teams. The sets of floristic rules or criteria are now known as Sequence Tables, and the
software application is called the Auto-key.

One of the main requirements for LANDFIRE map units was that they be differentiated
floristically. Since abiotic variables were not consistently available for every plot, contextual
landscape or abiotic information could not be used to differentiate vegetation types represented
by the plots. In addition, sequence tables were intended to work with regional-scale patterns, as
opposed to more local-scales. Thus keying each plot using only the required floristic data was the
best way to assign a map unit to each plot.

LANDFIRE’s short-term needs, and long-term plans, required a repeatable methodology,
consistently applied rules to categorize each reference sample, and documentation of the criteria
applied. In essence, sequence tables codify the criteria and methods for keying geo-referenced
vegetation data to a land cover class, whether it’s an ecological system or some other vegetation
category. Because of this, the methods are repeatable by anyone who may not necessarily be
familiar with the vegetation of the region covered by a particular sequence table.

More details about this methodology include:

1. Each LANDFIRE sequence table was designed to efficiently automate keying of thousands
to 10’s of thousands geo-referenced vegetation samples to the LANDFIRE map units, which
included both Ecological Systems for the ‘natural’ portions of the landscape, and a variety of
land use or land cover classes for the remainder. The objective was to accurately key as
many samples as possible, not to attempt to key all samples.

2. Each sequence table was created to key to systems and mappable US-NVC alliances in an
ecologically-related geographic area, utilizing the MRLC map zones. There are 31 map
zones for the western US (NM to MT, west). NatureServe developed 12 sequence tables for
these 31 map zones (Error! Reference source not found.).

3. LANDFIRE also contracted with NatureServe to have dichotomous field keys written for all
of the U.S. map zones. These keys were developed to cover the same map zones clusters as
the sequence tables, and are available in MS Word documents for all of the U.S.

4. From a data processing standpoint, the vegetation samples first had to be formatted to match
the specifications of the auto-key program created by USFS Missoula Fire Lab staff. We do
not detail these formatting requirements here, as they are rather complex, and are completed
by LANDFIRE contractors.

5. The sequence tables and vegetation samples are run through an automated Python
application, developed by staff at the Missoula Fire Lab, called the “auto-key”. The auto-key
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program sequentially compares each vegetation sample against criteria contained in the
sequence table. Each ecological system type is represented in the sequence table via a set of
vegetation composition criteria, which are organized in a particular order, or “sequence”
(hence Sequence Table, or SQT). Each plot or point must meet all of the criteria for a
particular ecological system, as represented by one sequence. If the sample meets all the
criteria, the auto-key attributes the plot with the ecological system code and name. Samples
which do not meet the criteria for a system can be attributed either with a more generic label,
such as “unclassified forest and woodland”, or else go through the entire SQT without keying
and are attributed with “none”.

Other land cover classes, such as introduced annual grasslands, or introduced riparian woody
vegetation, are also included in a SQT to appropriately attribute any vegetation samples
representing those land cover classes.

Figure 1. Groups of MRLC map zones that were the analysis units for the LANDFIRE
sequence tables in the coterminous U.S.
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Methods

For the LANDFIRE effort, both dichotomous field keys and auto-keys were developed for map
legend classes and organized in a series of 17 map zone groupings that spanned the nation. For
ongoing maintenance of national map products, the map zone groups have been further
aggregated by LANDFIRE into larger geographic areas (GeoAreas). This project was organized
around a modified form of these LANDFIRE GeoAreas (Figure 1). Within each GeoArea,
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project ecologists were provided with a subset of sample data for each relevant LANDFIRE map
class (up to 30 sample plots). Using sample data on vegetation composition and structure, along
with limited mapped ancillary data (for general orientation and ecological context), ecologists
applied a map legend label to each sample. They documented their expert process for making
label assignments, highlighting key pieces of information they used to arrive at their
determination. The expert assignments were then compared to those previously applied through
the LANDFIRE auto-keys assignments on spatially located field plots. Contingency tables were
developed, analyzed, and documented. Key outcomes from each expert analysis include the
contingency table, identified, systematic discrepancies between expert and auto-key labels, and
recommended changes to the auto-keys and technical procedures.

Figure 2. Modified LANDFIRE GeoAreas in the conterminous U.S. for use in this project.

Landfire GeoAreas for Improvements Project - Conterminous U.S.

GeoArea Number

- Zone 2 West
:] Zone 3
- Zone 2 East
[:] Zone 4
:] Zone 5
:] Zone 6
:] Zone 1
- Zone 7

Sample data were segmented by those that were used directly in LANDFIRE map production
versus those that were held aside for use in accuracy assessment. Therefore, an expert-reviewed,
independent sample data set for accuracy assessment was an additional project outcome. Expert
ecologists were also be well-positioned to evaluate the results of auto-key assignments for
LANDFIRE map legend classes in light of the related NVC Group and Macrogroup vegetation
concepts that have been established and described.

For the expert reviews, the team needed to first determine the plot data available for use in the
project and the sample design for selecting a subset of those plots. Secondly an evaluation was
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required of what kinds of data are contained in the plots that could be used for the expert review.
The analysis team obtained counts of plots by map zone, GeoArea and system or land cover type,
as well as counts of how many were used as training data in the mapping effort, or were withheld
and used as the initial accuracy assessment plots. Additional counts were obtained for the
number of plots acquired after the LANDFIRE mapping effort was completed in each GeoArea.
A series of calls were held to discuss the number and distribution of plots by system type to be
used in a “sample draw” for the expert review. Once the number of plots by system type by
GeoArea was decided upon, the sample draw was completed by TNC and EROS team members,
by selecting plots for each system randomly across all map zones in the GeoArea, with
“independent” plots (not used in the original mapping effort) given selection priority.

The analysis team then reviewed in detail the available data tables and fields that are stored and
managed in the LANDFIRE Reference Database (LFRDB). The data in the LFRDB is derived
from many source datasets of varying quality and completeness. In addition, many plots in the
LFRDB for forest types were provided by the Forest Inventory and Analysis (FIA) program,
which has restrictions on sharing of their data. The discussions about what data to provide the
experts for use in the labeling centered around:

1. Providing the same data as are used in the auto-key procedures

2. Providing additional data that were not originally used in the auto-keys, and

3. Maintaining the “privacy” of the FIA data, ensuring the experts could not determine
which plots were FIA vs not

Table 1 is a list of the general categories of data that were extracted from the LFRDB and
provided to the experts for use in their review. After much discussion, it was also determined to
provide a remotely-sensed image clip for each plot, as well as between 1 and 3 on-the-ground
photos for the plot if such were available from the original data providers. These images provide
some context for the expert reviewer, without revealing the exact location of the plot. The image
clips were created automatically from the plot coordinates, and in the lower 48 were from NAIP
imagery. All images were of the same scale, with the plot location a dot in the center of the
image (Figure 3 is an example).

Table 1. Categories & fields of data provided to expert during review process.

Data
category Fields Notes
Vegetation % cover of trees, shrubs, Values are calculated from source data & stored in
Structure herbs, trees per acre, height LFRDB
of trees or shrubs
Floristic complete species list, % cover | Species list & % cover values are from the original
composition | by species, nativity, height if source data, but other fields were derived by
available LANDFIRE
Dominant the 2 most dominant species | The dominant and codominant species are provided,
species within the major lifeform of with % cover; the species are drawn from the
the plot dominant lifeform category of the plot (e.g. shrub
dominated plots will have shrub species listed)
Geographic map zone, USFS subsection, These are derived by LANDFIRE from the coordinates
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Data
category Fields Notes
setting TNC ecoregion of the plot
Landscape elevation, aspect, slope Values are derived form a DEM for the coordinates of
setting the plot
Field notes comments from field crew Original field crew comments, if available
Image clips Single image, same areal NAIP imagery was used for coterminous U.S. plots;
extent/scale for all plots coordinates in center of the image; no other locational
information provided.

Figure 3. Example of an image clip for one plot in GeoArea 4.

NAIP2005
2005-06-04

NatureServe developed a MS Access 2007 relational database (the Expert Attribution Database,
EADB) for use in the project. A user interface was designed to link to the above LFRDB data
(provided by EROS in a separate LFRDB), the image clip, and any ground-photos in easily
navigated forms for review by the expert. An additional form allowed the expert to select from a
subset of system types when labeling plots. The reviewer was required to select from the
ecological systems known or highly probable to occur in the GeoArea. If the expert could not
label the plot with a system type, then “can’t assign” was an additional option. All plots also
required a confidence in label assignment (high, medium, low) and the expert was asked to
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document in comments why they assigned that confidence, or why they could not assign it to an
ecological system.

After the expert reviews were completed for a particular GeoArea, the results were run through
several quality control procedures to check for plots missing labels, or other discrepancies in the
resulting data. Then a number of queries were run in the Access database, to generate summary
statistics for each GeoArea, comparing labels on plots from the auto-keys and the experts.

Analysis Team

= Patrick Comer, NatureServe

= NatureServe Regional Ecologists (Marion Reid, Kristin Snow, Mary Harkness, Gwen Kittel,
Keith Schulz, Mark Hall, Milo Pyne, Carl Nordman, Judy Teague, Lesley Sneddon, Jim
Drake, Shannon Menard)

Anne Davidson, GAP

Don Long, USFS RMRS

Brenda Lundberg, EROS

Chris Toney, USFS FIA

Alexa McKerrow, GAP

Gretchen Meier, EROS

Chris Lea, NPS

Jim Smith, TNC, Overall Coordinator

Intended Products of this Effort

2.1 Tabular comparisons (as contingency tables) between LANDFIRE auto-key assignment and
expert assignment for each GeoArea data set with an associated interpretation of the
outcomes (systematic discrepancies between expert and auto-key labels, and recommended
changes).

2.2 A report by each GeoArea detailing processes and results, specifically identifying how they
made individual assignments.

2.3 A report that documents procedures and data elements to improve the auto-key process in
each GeoArea.

2.4 A report that documents technical procedures to adapt auto-keys for labeling NVCS group,
Macrogroup, and Division concepts.

2.5 Full data sets with independent assignments for each GeoArea in standard LFRDB format.

2.6 A single overall report with recommendations for all GeoAreas, including commonalities
and unique issues.
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