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Introduction

A number of largescalemapping projects have been completed in the, &u®l several cover all

or some parts of the footprint of the Northeast Climate Science Center (NE@B&21).

These includemaps bythe SoutheasGAP Analysis(SEGAP)program(Jennings et al. 1993,

Kleiner 2007, the nationalLANDFIRE program(Rollins et al.2006,Rollins 2009, NatureServe
(Comer et al2003 NatureServe 2009, Smyth et al. 2DlahdThe NatureConservancyHerree
andAndersorn2013. These mapping projects represent a major step forward in describing the
current extent of ecosystems on the landscape, and provide resource management agencies and
organizations with umecedente@ccess to spatiaiformation on these systems.

In a number of casgthe ranges athese maps overlaps a result, &ff of resource management
agencies and organizatioasefaced withtrying to determindiow to use these multiple products
to effectively and efficientlyneettheir needsTo addresshis question in the northeast and
Midwest U.S., the Northeast Climate Science Center (NECSC) funded a projetitatyc
evaluate these ecosystem or habitapping methods artd move toward standardization of
these mapsThe objectivesof the project were to:

Phasel: Review armbmpareexisting map pducts

Phase II: Extend theaplegends identify legend elemeni{&cosystemsinost
vulnerable to climatelange

Phase Ill: Developecommendations for an improved map for the region
Phase IV: Produecanimprovedregionalmap

The four map products that span allamgeparts of this areéas shown in Figure include):

Southeast GARSEGAP)

LANDFIRE EVT (Existing Vegetation Type)
NatureServe

TNC

To facilitate flow in this document, results from Phase |, 1ll, and IV are presented in that order,
followed by Phase Il results.
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Figurel. Extent of analysis showing the areaovkrlap for each of th four compared map products. LANDFHRE
NatureServe maps provide coverage of thatgguous lower 48 states, and the Southe@#AP map extend®uth to cover
additionalarea outside the NECSC project.

Of these SEGAP and LANDFIRE &gan the mapping process with raw remote sensing data,
whereas NatureServe and TNC did (s&te Input Data and Mapping Methods, beloMpjor
commonalities of these products include:

1) NatureServeds ecol ogvasuseths astarintpasaefedefmingas si f i ¢
map classes for natural land coy€omer et al. 2003
2) LANDSAT datafrom 19997 2008 (30 m resolutionyvas the imagery sourder all map

producers, although TNC and NatureServe did not analyze raw satellite remote sensing

data.
3) The Natonal LandCover Datbhase(NLCD) was used tgupplement the classification
and mappindor cultural land covefseehttp://www.mrlc.gov/nlcd2006.pHp

Phase 1: Review and Compare Existing Maps

Base Classification for Map Legends

Standardized, muHevel classifications of upland and wetland ecosystems and vegetation
provide a consistent framework for natural resource conservatio@gaaent, and monitoring.
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The standardized classificatisappors characterization and mapping of ecosystem types and
wildlife habitas that cross political jurisdictions. As noted aboaik of the mapping projects
reviewed here share a commitment to usirgNatureServe Ecological Systems classification as
their primary classification source, supplemented with théN&it®ral Vegetation Classification
(USNVC). These two classifications are coordinated, because Systems are already linked, and
largely nest within, midevels of the USNVCusually at thenacrogroupgevel. But Systems

only cover natural or native vegetation,rederal (or semnatural) vegetation and cultural
vegetation are natompletely addressed’he USNVChad developed unithese vegetation

typesin finer detail than were available at the time of production of these maps (FGDC 2008).
Cultural (agricultual and developed) vegetatiarere largely addressed by map producers by use
of results from thé&lLCD. For ruderabnd successionakgetation, maproducergypically
developed a variety @d hoctypesor used preliminary USNVC draft types

Ecological Systems antdSNVC

Terrestrial ecological systems alefined as single level migo-local scale ecological unit

useful for standardized mapping and conservation assessmeats/efecosystem&ach

ecological system type describes complefasative plant communities influenced by similar
physical environments and dynamic ecological processes (like fire or flooding). The
classification defines some 600 natural system units across the Temperate North America
(primarily the United States, plasljacent areas in Canada and Mexico) and has provided an
effective means of mapping ecological concepts at regional/national scales in greater detail than
was previously possible. Type descriptions are found through queries of NatureServe Explorer
(seewww.natureserve.ojg

The USNVC provides a secondary classification that supplements the use of Ecological Systems.
The USNVCis a national multiscale framework to classify and describesaiktingvegetation

types, including cultural (agricultural fields, lawns.gtouderal (e.g., exotic invasive grasslands

and forests), and native ecosystems. The USNVC was developed under the auspices of the U.S.
Federal Geographic Data Committee (FGR@w.fdgc.goy), which is aninteragency

committee that promotes the coordinated development, use, sharing, and dissemination of
geospatial data on a national basiie FGDC Vegetation Subcommittee has members that
includefederalagenciesand norfederal partners (NatureServe and the Ecological Society of
Americads Panel o n Wheogverked tbgetbentprdcilica arevisddi c at i on)
standard for the USNVC (FGDC 2008), based on national and international cléiesifica

(Jennings et al. 2009; Fabesingendoen et al. 200BaberLangendoen et al. 201.4The 2008

standard providean eightlevel hierarchyfor the USNVG common terminology, and a dynamic
content standard (the classification can be updated with nevepis). By including all

vegetation types in a consistent framework, the USNVC can help ecologists address all lands,
andtrack status and trends in vegetation causedgilalfire regimes,nsect and disease impacts

to vegetationexotic species invasiondjmate change, and development.

Systems and the USNVC can most effectively be used in tandem by linking Systems to the
macrogroup level of the USNVT éblel). Note that Systems are not strictly hierarchical

because they comprise associations that occur in more than one System, and so are not a formal
part of the USNVC hierarchy. In scalgystemsare approximately equivalent ¢éither the

USNVC Groupor Alliance.


http://www.natureserve.org/
http://www.fdgc.gov/

Tablel. Ecological Systems and the USNVC. The eight levels of the USNVC hierarchy are shown in relation to Ecological System
type for a Midwest prairie fen. Systems link to the USNVC at the Groupdeudehereby to the Marogroup.

USNVC Hierarchy NVC Types
Upper Levels

Formation Class Shrub & Herb Vegetation
Formation Subclass | Shrub & Herb Wetland

Formation Temperate to Polar Bog & Fen
Mid-Levels
Division North American Bog & Fen
Macrogroup North American Borea& Sub-boreal Alkaline Fen
Group Northeast and Midwest Prairie Alkaline Fen
Lower Levels North-Central Interior Shrub
Graminoid Alkaline Fen System

Alliance Shrubbycinquefoil / Fineleaved Sedges Prairie Fen
Association Shrubbycinquefoil / Sterile SedgeBig Bluestem Indian

plantain Fen

National Land Cover Database

The NLCD serves as the definitive Landbased, 3dneter resolution, land cover database for

the Nation. NLCD provides spatial reference dedcriptive data for characteristics of the land
surface such as thematic class (for example, urban, agriculture, and forest), percent impervious
surface, and percent tree canopy cover. NLCD supports a wide variety of Federal, State, local,
and nongovernngal applications that seek to assess ecosystem status and health, understand the
spatial patterns of biodiversity, predict effects of climate change, and develop land management
policy. NLCD products are created by the MiReesolution Land Characteristi§gMRLC)

Consortium, a partnership of Federal agencies led by the U.S. Geological Survey. All NLCD

data products are available for download at no charge to the public from the MRLC Web site:
http://www.mrlc.gov

NLCD(2006) wuses 16 classes to cl| as qTalbdlepg). Bhed map
simplicity of the legen@nsuregonsistency across the entire nation. But it also lacks sufficient
detail to adequately capture the range of ecosystems across the cddapryroducers

reviewed here a large number of Ecological Systemiheeightvegetated classegthin the

NLCD that cover native ecosystems. NLCD retaif@duse by the four maps reviewed hare

thefour Developed classes (including open, low, medium, and high intensity), the two

Agricultural classes (hay/pasture, cultivated crop), and the twwegetated claes.


http://www.mrlc.gov/

Table2. NLCD ( 2006) class legend organized by general categories.

General Category NLCD Class

Non-vegetated Open water

Perennial ice/snow

Developed Developed, open space

Developed, low intensity

Developed, medium intensity

Developed, high intensity

Agriculture Hay/pasture

Cultivated crops

Natural Barren land

Deciduous forest

Evergreen forest

Mixed forest
Shrub/scrub

Grassland/herbaceous

Woody wetlands

Herbaceousvetlands

Creating a Common Legend to Facilitate Comparisons

As described above, all map products used NatureServe Ecological Systems classification as
their primary classification source, supplemented with the USNVC and NLCD. However, for a
variety of easons, each map product adapted each of these classifications in slightly different
ways. The main reasons for this are as follows:

a. Onereason why the map legends differ is that although thepraucersall staredwith
the same list of systeantheymade different choices whetteciding which systems they
couldmap(i.e. the mapping targets), based on their ecological expertise, and the
particular mapping method usékhese choices are influenced by the natural variability
of systems and landscapesthasystems varying in patch size and distinctiveness. For
example, small patch types are often hard to map, but some may have distinctive
signatures when certain methods are ugesia resultpneproducemayfind that among
the 100 systems found in their project amady 70 are likely to be successfully mapped
whereas two othgsroducersusing slightly different mapping methqasayfind they
can map 85 of the systent&oducers consider the fact that ecolabgystems may occur
in small to large patches (with small patch systems generally being more difficult to map
at the scale the producers were using), some systems lack adequate field samples, and
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methods differ in their ability to distinguish system oceunces (especially small patch
occurrencesBecausgroducersaare mapping the same landscape, there will be inherent
differences in the maps.

b. Anotherreason for differing map legends is the choice in how to map systems chosen.
Here the issue is wheththe systems are mapped individually or in combination, and
whether finer subtypes are mapped. The NatureServe map consistently uses systems as
the level of classification, but other mppducersstrategically chose to represent some
map classes at csr or finer thematic resolution. Resolving legends between maps
required resolvingpow thelumps and splits were made

i.  AggregatefLANDFIRE). Aggregates are groups of two or more systems mapped
together. Because of their focus on vegetatidh respecto fire regime,
LANDFIRE mapped many wetland systems as aggregates. For examNBFIRE
mapped an Acadian Salt Marsh and Estuary Systems aggregate, which covered both
Acadian Coastal Salt Marsh and Acadian Estuary Marsh systems. Other map
producerdreaed these two systems as distinct map classes.

ii.  System CombinationdNC). System combinations are essentially the same as
aggregates, in that they use a single map class to represent two or more systems that
the mapproducerdid not feel they could sepaeareliably using their mapping
methods. However, the system combinations retain the original system names in their
|l egend | abel, separated by a A/ o. Systen
TNC map, for example, to group blackwater and brownwé&dedplain forests.

iii. Finerscale Units (ANDFIRE, TNC, SEGAP)The SEGAP, TNC, and LANDFIRE
maps all use finer-scale units to represent particular vegetation types where map
producerdelt that sufficient data ereavailable to parse the system into ecalally
meaningful suiypes. The TNC map added systems modifiers to differentiate
different wetlands types, moisture gradients, pH, and conifer versus hardwood
dominance. SEGAP and LANDFIRE both applied structural modifiers (e.qg.
herbaceous versus forest)certain systems, and SEGAP also used modifiers to parse
systems based on conifer versus hardwood dominance.

c. Differing treatment of ruderal (semitural) versus natural vegetatiaiso causes
differences in the map legendRuderal vegetation concepigerethe least developed of
any of the classification concepts at the time these various mapping projec{dredjan
although progress has been made, they are still awgrkogress)so magproducers
developed their owngks standardized, classification schemes taicapidditional
detail. The TNC map does nmdpture ruderal vegetatiprather they treated the
vegetation as either fAculturalo (urban and
The SEGAP,LANDFIRE, and NatureServenapsall included ruderal vegetation classes,
though they did so to varying degrees and without the benefit of standardized map
classesFor our map comparisons, we attempteglézesimilar ruderal vegetation
classes used on the differenéps into common groupings, but a lack of documentation
explaining what each claggsintended to represehtnderedour ability to truly
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understand differences in the mapping of ruderal vegetatimheven our broad
groupings may be conceptually misaléagl.

d. Ecological Systemdefinitions change over timeNatureServe is actively improving the
classification as new data become available which may lead to a change in the system
concept or name (e.g. the ASout hegtnd Atl ant
became the AAtl antic Coast al Pl ain Mesic H
original name, whereas the other used the updated name. Rarely, in the course of
mapping an area, the map producers dedidey needdto propose a new system, but
that system may not have been available for other map producers to use. The inclusion of
a unique identifier (e.g. the co@=S203.242 or the ID 723243) in the data would
alleviate some of this confusioithis was a relatively small issue in our studgcs all
four maps largely used the same codes for a given system.

e. AlthoughtheNLCD was the primary source for Agricultural types ($able2 above), it
was treatedomewhat differentliamongmaps. The TNC map represents agriculture with
a single map class, whereas SEGAP and NatureServe separate row crops from
pastureland, andANDFIRE reports several different agriculture classes, many based on
National Agriculture &tistic Services (NASS) classifications.

In order to compare the various maps, it was necessary to reconcile these differences between the
map legends. To do so, we createdastermaplegend Appendix 1 electronic onlyto indicate
how each system wasappedoy each organization. It includesw aggregates and finecale
units alignwith each other among the mapfie masterlegend also references the unique codes
for each map class as used in the source data, thereby facilitatiagefficient comparison of

the actual data by interested partigslescription of the fields contained in thmastedegend is
provided inTable3. Users should kegein mind that the geographic scope of the four map
products differ; if themastedegend indicates that a particular system was not mapped by a
specific entity, thatan either be an indication afdifference in targets between n@pducts

or due to tke factthatthe particular system does not occur within the extent of that particular
map.

Because the maps cover different areasptagtedegend alone was insufficient to discern real
differences in mapping targeasnong map product3 o remedy thiswe performed a more

thorough comparison of map targets for just the area where all four maps overlap in Virginia and
West Virginia Figure2). This comparison can Beund in the sectioi&coregion-based

Comparisons in the Region of Overlap of AIMaps andprovidesa more concrete illustration

of differences in the legends between maps.

11



Table3. Mastermap legenditlds andguide toformatting.

Field Name Description & Use

Sort Order A numeric value used to sort data in the correct order with regard to data groupings.

Unique Code Typically the ESLF code for standard systems and aggregatessdaileeunits are rolled up to the systems level for thi
field. Nonstandard systems are assigned a code from the source data.

CES Code Standard CES code to reference the Edold@gystems Classification

Primary Class

"X" in this field indicates that the listed entity is a "primary class" for the map comparisons; i.e. a map class at the
systems level. Blanks indicate aggregates and-Boale units.

Aggregate Unit

Name of theaggregateor system combinatiorif applicable

System

Standard System Name

Finer Scale Unit

Name of the finer scale unit, if applicable. Because TNGdaae units can be due to differing values in any of a nun
of attribute fields, finer scalenits for the TNC map are assigned numerical identifiers (e.g. North Atlantic Coastal R
Pitch Pine Lowland-4). A second tab in the digital version of the Master Legend '(TidCmultiples"tab) indicatesthe
nature of the difference between types.

Lookup Codes

For any system included in the map, these columns report the unique reference code in the source data. Blanks
that a system was not included in that map within the NECSC region. An "X" indicates thateatrevegs mapped, but
using fner-scale unitsthe codes for which are provided separately in the rows underneath

Hierarchy

Additional information on how each mapped vegetation class fits into the NVC Hierarchy.

Comment

Used to provide additional information on any vegetatmasses that did not fit neatly into the table (particularly rudg
types).

bold text.

Guide totable formatting:
Thick lines surround all systems and fiseale units falling within a given aggregate; the aggregate is given in the first row of the groupil

Thin lines surround finexcale units falling within a system.

12



Figure2. Map of the area of overlap of all fommapproducts shaded in gray. Dark black lines represent state boundaries. Areas shetddticolor and labeledvith
alphanumeric codeare USFS Subsections
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Input Data and Mapping Methods

LANDFIRE, SEGAP, and TNC all used 30 resolution Satellite Imagery and digital elevations
models (DEMS) in some fashi@s basic input data create mapsOther ancillary data,

including surface geology, soils, and distance to wetlandsreamswere used by SEGAP and
TNC. NatureServe provided modifications to either tAdNDFIRE map or the SEGAP map,
mainly by adding floodplain and rigan detailso LANDFIRE, using additional state Natural
Heritage Program data (e.g. for tallgrass prairie), using soil layers, aneabgigaing types
where they were mapped out of range.

Two primary methods were used to generate maps: (1) classificdtunits (pixels or polygons)

using training data generated from plots that had been assigned to types, and (2) classification of
types based on ancillary data via map overilesysg datasuch as surface geology, soils,

landform typesfloodplain datadyers, etc.Kigure3). These methods were mixed by both TNC

and SEGAP, wheredsANDFIRE used only the first. TN@nd NatureServperformed no

analysis of raw satélé imagery, whereas SEGAP and LANDFIRE began with satellite imagery.

TNC did notmapdisturbancdruderal)types apart fromncorporating aritropogenic types
(urban and agriculturéjom the NLCD. LANDFIRE used both NLCDesults for some cultural
types (e.g. agriculturgnddirect classification of pixelassigned to ruderal/successional types
SEGAP used interpretations of land colbgrsite typgle.g. evergreen forest on a deciduous
forest site type was a pine plantex) as well as NLCDresults Thus, TNC mapped fewer
disturbance types thatANDFIRE and SEGAP, but not a great deal less area in most
ecoregions.For example,dr thearea of overlap betwedrANDFIRE and TNC,LANDFIRE
mapped 34.7% nenatural typegincluding ruderal)whereas TNC mapped 28.5% raatural
types a 17% difference
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General Methods Used to Generate
Maps

* Classification of units based on explanatory
data

— classified sample plot + units (pixels or polygons) +
explanatory data = mapped type

* Map overlays using ancillary data (surface
geology, soils, landforms, floodplain data layers,
etc.)

— original type assignment + ancillary data = new type

Figure3. General methods used by LANDFIRE; NatureServe, andE|55AR0 generate maps.

LANDFIRE

LANDFIRE generated a different map for each map zone (MZ) within the footprint of the
NECSC independently (sé¢tp://www.LANDFIRE.gov/dp _quality assessment.phbping

broadly similar methasl (Figure4). About 27 map zones overlap tRECSCstudy area. Seven
different combinations of authors, involving six different individuals, are listed as compilers of
fourteen map zone summary repdhatwereavailable for reviewor this report Mapping was

based on assignment of plots to lifeform (e.g. deciduous forest, evergreen and mixed forest,
shrubland, etc.) anie ecological system type using an automated dych was in turn derived
fromfisequencetabded0 b ased on Vveg &dclapiotwahassigoethjpans i t i on
ecological systeror other map legend target elem#mught to occur within the MZ based on

the species composition of the plot.apping groups werthen formed bygegmentig (creating

spatial subdivisions oBach MZ, usually using (1) supervised image classification using plot
data to define major lifeformand (2) geophysical setting mashksost often, a valley bottom

zone maslkhat wasdeveloped by LANDFIRE. Number afiapping groupgsegmentsjanged

from 2 to 9 with a mean of 7 across the fourteen MZs reviewed. Target ecological systems were
mapped within eactmappinggroup via supervised classification based on plot data where each
plot was assigned to a targetolagical systentype. Number of mapped types ranged from 9 to

41 across map zones reviewed, with a mean of 22. The NLCD was used to define agricultural
and urban types, as well as water.
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http://www.landfire.gov/dp_quality_assessment.php

LANDFIRE

!

Collect (or Generate) Plot
Data

|

Develop Training Data: Assign Plots
to Types Using Sequence Tables

Explanatory Data: J( Segment data using

From remote imagery and abiotic
sensing, DEMs, Supervised Classification information into

sometimes digital of Pixels Based on Plots & about 7 modeling
soils, other Explanatory Data groups before
information classification

Base method assumes
explanatorydataare
sufficient to accurately
classify pixels if adequate
plot data exist

Figure4. General methods used by LANDEIREach Map Zone (about 27 form some portion of the footprint of our study area)
was mapped independently using related but not identical methods, with at least six different workehsed.

Southeast GAP

The SEGAPproduct was developed by different workassng variable methodsee Kleiner
2007) Workersperformed some supervised (with training data from pllatssified to systein
and some unsupervised (without training data) pixel classifications of satathite Aacillary
datawerealso usedo map types via map overlagesg. land cover + ancillary data layer =
mapped type) Ancillary data included range enforcements, usually using ecoregion lines, as
well as spatial queriggnap overlaysysing a varietyf other data layerg.g. soils, surface
geology) Kleiner (2007), mapped 50 types: seven directly as NLCD fypesunsupervised
classification 10 from NLCD types via rangenforcemeni{e.g. evergreen forest in different
ecoregions may have been gesid differentcological systertypes) 22 via spatial query (e.g.

map overlays), six using manual i mage 6i nterpr

that involved a variety of techniquéSigureb).
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Kleiner (2007)

Satellite

Imagery \\\

Point Ancillary

D?altr; NLCD Data

\ “__:—f-f/7ml spatial
ayers

N

Data
Development

Mapping

Ecological Systems

Ecological Systems

Anthropogenic
Class Mapping

Anthropogenic Classes

Figure5. General methods used by Kleiner (2007) for the southwestern portion ofE@ARNalysis area. Most types were
mapped either from NLCD types via range restrictionsjaspatial queries using ancillary data (e.g. map overlays).

The Nature Conservancy

The Ndure Conservancy (TNC) map producers first had NatureServesthfither expertgad
an effort to review, and revise, teeological gstems classification fahe mapping area
(Gawler 2M@8). System ange distributios werealso reviewed. TNC thamsed two different
methods to map curredistributions ofecological system®ne in rugged landscapes and one in
flatter landscape@-erree and Anderson 2013)Itimately, both approaches relied heavily @)
assigning landfornpatches to matrigcologicalsystentypes, and (2) use of ancillary data to
model noAmatrix systemtypes(e.g. map overlays First, n rugged landscapdéisat comprised
the bulk of the ar@ mappegdthey perfornedsupervisealassifcation(using RandomForest
software)of 100 acre hexagons usiegplanatory data assigned to hexagons and clasplfiesl
as training data. Hence, each 100 acre hexagon was assigned a prevailingystatmixThis is
similarin concepto classifying pixelsbut the spatial units (10fcreg40 ha]versus 30 square
meters) are differenaind the explanatory data did not include satellite remote sensing data.
Next, landform patches derived from eclass landfrm model were assignedao ecological
systemtype within each hexagoiost often, ach patci{e.g. summit/ridgetop, low hill/valley)
was assigned the matrix tyfm the hexagoihat circumscribed the patcihus,classification
results were transfexd from 100 acre hexagons to smaller landform patchssd on results
from the RandomForest classificatioln some cases, landform patches were assigned to a
different type than the classification indicated for the hexagon in which they occioed.
example, a mesic landforgatch(e.g.cove)within a given hexagomay have been assigned a
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more mesic type than what was assigned to the hexeguarclassification resultsin this way,

the characteristics dédndform patches (e.g. dry, typic, mesi@rereflected in the classification
results. Second, in flatter landscapes (the Coastal RiadNorthern Lake Plaiecoregions),

system types were assigneylexpert judgmentirectly to landforms based on mapped known
occurrences of system types, the@D and NWI and other more local land cover information,
and site relationships gleaned from system maps in immediately adjacegi@orénce

matrix types were assigned (15), aoatrix types (85) were apped mainly using ancilladata

via map overlgs (Figure6). Hence, 85% of all mapped types were generated via map overlays.

Assign landform polygons to matrix types, and model
patch types from ancillary data (map overlays)

Classify 100 acre hexagons to one of 15 matrix types

by ecoregion using training plots and explanatory
variables assigned to 100 acre hexagons

Overlay 7-class landform model
—_— . .
patches and assign matrix type
landforms using expert opinion / l \
Use NLCD and NW!I to identi
- =0 o identify Assign Anthropogenic
Types from NLCD

In flat ecoregions (simple
landscapes), skip the
classification of hexagons;
assigh matrix types to

Use ancillarydata to

location of wetlands, then assign model 85 large or

type based on landscape context small patch types

using expert opinion

Figure6. General methods used by TNC. Matrix ty(s)were assigned to landform patches generated from digital elevation
models, and nosmatrix types(85)were modeled using ancillary data.

NatureServe

NatureServeds existing national aggregate map
region was genated from the original LANDFIRE and SEGAP maps (NatureServe 2009,

Smyth et al 2013). NatureServe ecologists earlier provided consultation and tools for labeling
sample plots to both SEGAP and LANDFIRE efforts. In order to facilitate the review of the

original maps, we calculated the total area mapped for each type by USFS ecoregion.
NatureServebs regional ecologists used that i
based on expert judgment, to be exepresented or undeepresented in eadiven ecoregion,

systems that were mapped outside their expected range, and systems that were not mapped at all

in ecoregions where they are known to occur.
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In order to evaluate existing maps and create deductive models, it is necessary to first have
georeferenced records of known occurrences of particular vegetation types. To this end, we
created a geodatabase of sample data compiled from multiple sources, insfatfirideritage
Programcommunity element occurrergelassified wetland monitorindqgis in Michigan and

Ohio (FabeiLangendoen et al. 2011), and detailed vegetation maps from National Park Service
Units including Apostle IslandsationalLakeshore (NL)Effigy Mounds NationalMonument

(NM), Grand Portage NM, Indiana Dunes NL, Isle Roydgional Park (NR)Ozarks Nitional

Scenic Riverway (NSRPictured Rocks NL, Saint Croix NSR, Sleeping Bear Dunes NL, and
Voyageurs NP NatureServe has established the relationship of all of the mapping units in these
vegetation maps to thexological gstems classification.

In order to assess the accuracy of the base map, andsistgens for revisions, we undertook

both a quantitative map validation using data in the observation geodatabase and a systematic
type-by-type visual review of the distnition of all mapped types. Systems that were flagged
earlier as having distributions that were over or wmdpresented in the region as a whole, or
within certain ecoregions, received additional scrutiny.

In March, 2012, NatureServe ecologists hetd@aday workshop to complete a typg-type

review ofsystems, in which the results of the quantitative accuracy assessment were considered
in conjunction with a visual examination of the extent of each mapped type. The goals of this
review were to (1) idntify and document misrepresentations in the source data, and (2) develop
strategies for addressing and rectifying those problems. This included identifying and removing
map classes that should not have been included in the original meaworkshop wallowed

by additional internal map review sfstems not adequdyecovered during the workshop.

In several cases, the strategies identified for improving errors in the source data required the
developmenbf biophysical data sets. Spatial data on soils, hydrology, and canopy cover were
used tamprove the mapped distribution of several mapped types.

Usi ng Nat ur e Ser vedogicasygtegns asatartng puiatpwe oompleted map
revisions.For example, in the Midwest, the revisions affected seventy map classes and
approximately twenty percent of the total mapped area (Smyth et al 2013).

Comparison of Mapping Methods

|l denti fication of overal/l p r o sn iavnedr scaoln/sc aotfe geoar
truths are generally not in evidence due to variation among and within(fredpe4, Table5).

TNC mapped the fewestideraltypes, but nomuchlessdisturbance areaTheir map was ksed

on landform patches, and therefes¢ e ss Opi xel at edd and more aest
maps.Whether this also reflects a more accurate map is not @emausdypes are mapped
systematically along environmental gradients, results ategically logical, with more mesic

types mapped on more mesic landforms and drier types mapped on drier landforms. Land cover,
however, was not accounted foradtne resolution, so evergreen versus deciduous trees were

not sgarated as different stigpes within a given ecological systeasthey were by SEGAP.

Both TNC and SEGAP mapped a limited geographic regigiNDFIRE relied on supervised
classification viichis driven by plotsand this processtroduces issues when samples of target

types aransufficient, or ardackingentirely. Eachof the 2 map zons overlapping the footprint

of our study region was mapped independently, often by different wogketsesults were
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merged to product nal map. This process resulted in difficult to ka@riationrelated to
differences in methods and outcomes among map zone probtlueysalso separated map
producerdrom ecologists in a compartmentalizedpproductionprocessso onthe-fly
adjustments to mapping targe¢sulting from give and takeebveen ecologists and technical
map producers was apparently not possifilee NatureServe map is a combination of the
LANDFIRE and SEGAP maps, with modificatiodssigned to improve the produtded.
Issues with spatial rectificaticare sometimeapparent in this maput are not uniform across
the extent of the study area. Some areas are as much as 90 m out of alignment with other
georectified data layers. This isdimitsthe utility of the magor some purposes, for example,
analyses that rglon alignment with our data layers like streams, roads, or boundaries of
management unitsCaution is needed only when comparing the NatureServe map with the other
mapswithin a spatiallyspecific contextand not when analyzing summary data acrossrarge
areas
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Table4. Summanyf products reviewed and methods used by different map producers fofabsprint of the NECSC

Mapping Mapping Targets| Treatment ofDisturbance
Effort Date (Natural Types) Types General Methods Comments
Ecological Plot samples were assigned to target types to
LANDFIRE 19992001 satellite 9 >50 nonsystem targets, generate training data for mapping within each Methods varied by map zone. NatureServe an
L N Systems, . ) - L . ]
Existing data initially; areas that Agareqates of including NASS identified map zone. Workers used three dates of satellite| cooperators generated sequence tables to assi
Vegetation changed were re Wgeﬁan% and agricultural types, numerous | imagery plus enviromental variables to classify plots to target types (based on floristics, mainly’
Type (EVT); mapped for the 2008 developed types, ruderal pixels. In most Map Zones, workers stratified the| for mapping. New efforts are underway to
' . sparsely . . . . S
USFS; see refresh; areas that types, plantations (along with | data for each map zone based on lifeform and provide a refesh, and this will include new
. vegetated o o e L
Rollins et al. changed were re svstems. and recently logged modifier), abiotic masks and then classified each strata sequence tables assigning plots to both Ecolog
2006, Rollins | mapped for the 2010 s)élected’ introduced vegetation, and separately (e.g. deciduous forest was stratified, a| Systems and, in some regions, Groups in the
2009 update . others then plots within this stratavere used to classify | National Vegetation Classification (NVC).
Alliances .
the deciduous forest targets).
Workers assigned 100 acre hexagons to matrix
forest_ pre_s by ecoregionsing Random Forest In the North Atlantic Coastal Plain and Great
. classification models generated from plot sample . .
Ecological Explanatory variables assigned to the hexagons Lakes ecoregion, mapping was done by
NLCD 2001 & 2006 Systems P ry vanat g . 9 combinations of land cover, landfor(tand
: - o . were largely abiotic, plus NLCD major cover type o . . )
The Nature (Piedmont & Mid modified in some| Urban and Agriculture types : position, rugosity), and region using expert
o - summaries. A-glass landform model was then : .
Conservancy | Atlantic); results largely| cases based on | were burned in directly from ) . judgment. Wetlands were mapped using NWI,
) . o . overlain on hexagons and patches of landiaunits . ;
(TNC); see from geophysical abiotic site type | the NLCD; nosystem . - . NLCD, and expert judgment. All actions taken
. ) were assigned to matrix ecological system. Thes
Ferree and variables (geology, (e.g. mesic or dry| shrublands/grasslands and . " produce the map are documented and
. . . b assignments were modified based on expert : . .
Anderson, elevation, topography, | versions of a pine plantations were also . . ; illustrated. Updating the current results using
. . . ; . judgment (e.g. mesic landforms were assigned a
2013 solar inputs), not given ecological | included for some regions ) ; NLCDLANDFIR&sturbancetypes, and
: more mesic forest type than the matrix type for th " A .
remote sensing system on . additional modifications seems very doable with
e . hexagon). Smaller patch ecological system types )
differing sites) . 7 moderate effort, and results will be easy to
were mockled by expert judgment (e.g. assigning interoret
types to abiotic sites where possible). Some type pret.
were burned in from known, mapped locations.
. Partners split the study region by map zone. Some modificatins of this data layer have been
Ecological - o . A
Mapping targets were classified directly by made over the years, and the current version is
Systems . e . - . .
Southeast modified by land Several types from NLCD supervised classification ofregles, were modeled | still listed as provisional. This layer will be
GAP (SEGAP)| 19992001 original cover (e ya ine (Developed and Agricultural | based on inclusion/exclusion masks, and were refreshed as part of the GAP mosaic refresh
see Kleiner satellite imagery g-ap types), successional mapped from expert decision rules applied using | based on the 2011 NLCD aniNDFIREewW
andan oak type . L . . A . . )
2007 S shrub/grass, and plantations | abiotic variables (e.g. a deciduous forest in a givg disturbance layers. Workers will be paftthe
in pineoak . . . . )
systems) region over a given soil type might be modeled ag new LANDFIR#ata production effort by 2015

some specific type).

and beyond.
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Table 4Summary of products reviewed and methods used by different map producers for the northeastern USA (continued).

Mapping Mapping Targets| Treatment ofDisturbance
Effort Date (Natural Types) Types General Methods Comments
Workers merged the SEGAP map, where availab
with the EVT elsewhere and performed additional
modifications. Modifications include reclassificatiq Additional individual changes have been made
NatureServe Ecological of types mapped outside of their known ramg for some types and have been tracked. The
(Natl(_)nal 19992001 mainly: S_ystems and Reliant on the source adjustment of types that were apparently grossly resultg (_)f this effort are d_|_rect_|y connected with
Map); see o disturbarce e over- or undermapped within their range, the original source classifications. Range chan
modified EVT and classificationst ANDFIREVT | . ) .
Smyth, Drake types as mapped improvement of EVT aggregates for wetlands, an| will be Incorporated into the newANDFIRE
SEGAP and SEGAP - . ! ) .
and Menard by source addition of some rare types. Regional ecologists| refresh effort Goingorward, NS is focused on
2013 classifications were consulted taeview the distribution of all working with LANDFIRE to ensure the producti

mapped systems the Midwest and select system
elsewhere and recommend best approaches for
improving the map.

of a high quality product.
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Table5. Major positive and negative map outcomes related directly to methods.

Mapping Effort Positive andNegative Outcomes Related to Methods
increased number afuderaltypes mapped; variation specific {
map zones occur since each map zone was done independg
LANDFIREEXisting variation in methods from zone to zone, and

Vegetation Type (EVT); | compartmentalizing of tasks (ecologitasgelyseparated from
USFS; see Rollins et al. | remote sensingk GIS stafft the time of map produdon),
2006, Rollins 2009 make interpretations of questionable outcomes difficult; not
many wetland types mapped; tgating seems certain in the
near future

ecologically logical and cartographically elegant maps;of
patches eliminates 'salt and pepper' look of pikaked
outcomes; good documentation results in easy to interpret
maps; apparent tight links with local ecologists fésdiin some
needed updates; limited number of disturbance types mappe
assumedandforms as modeled influence vegetation in a
predictable way; polygotased outcome makes changes
easier; limited geographic scope and uncertairdaping

The Nature Conservancy
(TNC); see Ferree and
Anderson, 2013

limited accessible documentation reduces the ability to
Southeast GAP (SEGAP)] interpret of outcomes; land covedrsased modifiers of mapped
see Kleiner 2007 types add information; not likely to be 1@one; limited
geographic scope

begins withLANDFIR& SEGAP so carriers the issues inhere
in both but incorporates targeted improvements to address
short-comings in the source dataach modification gets
farther from the source data and these modifications are dor|
in several different ways; may or magt be redone,but edits
have been provided to LANDFIRE 2015 effartagdition to
seams in original maps, seams are added where SEGAP an
LANDFIR@roducts meet georeferencing issues may cause
problems when map is use#dithin a spatially specific coext at
fine resolution

NatureServe (National
Map); see Smyth, Drake
and Menard 2013

Quantitative Map Product Comparisons

Several steps were required in order to accomplish a quantitative evaluation of the map products.
We first acquired the data from each of the four efforts. Several of the efforts are updated on
regular or irregular basis, so we chose a set of versions and focused our analysis on those
versions. The versions were identified as:

1) The Nature Conservancy (TNC): 2012 (syst_nel120607)
2) LANDFIRE EVT: 2008 (v1.1)

3) NatureServe: 2013 (V@)

4) Southeast GAP2008
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NECSC FootprinMap Comparisons

We defined the extent of the evaluation relative to the footprint of the existing data and area of
interest for the RCSC The resulting extent is providedfingurel (see above)and includes the

full ext emap WedrcludEd\fedéssouth to incorporate the entirety of the Appalachian
Landscape Conservation Cooperative, and west to include areas recently updated byidatureSe

in the eastern portion of the Midwedtach of the products was clipped to the extent of the

anal ysis, except TNCO6s product which was i ncl

Two separate analyses were undertaken to elucidate the differences among the prodiusts. The
was a pixelto-pixel comparison where we evaluated the mapped type that one producer
attributed to a pixel, compared to the mapped type the other three producers attributed to the
pixel. The advantages of this analysis are that it allows extieletcomparison, and it allows
identification of types with which a mapped type is confused among products. It is, however,
sensitive to minor spatial discrepancies. The second analysis focused on the area of overlap
among all four products in Virginia and paftWest Virginia. The area of each mapped type was
calculated within each subsection where data was available. This method was robust against
minor spatial discrepancies, but is limited in scope to the overlap zone and does not provide
direct informatiorregarding specific mapped types among which confusion has occurred.

In order to accomplish a pixéb-pixel comparison we registered each of the products to

LANDFIRE EVT (existing vegetation typd)y modifying the headers of the working copies of
theraster products such that pixels were aligned. To accomplish this we examined common land
covers (each effort used the NLCD product to a greater or lesser extent and we were able to look
at pixels for those lancovers) across the range of each of the yoected This process allowed us

to align the TNCLANDFIRE, and Southeast GAP products. The NatureServe product showed
inconsistencies across the extent, with some areas showing alignment, while a shift of up to 90 m
could be observed in different parts loétextent. This lack of alignment made pitepixel
comparisons for the NatureServe product somewhat suspect, though the error was more
exaggerated for mapped types that were highly pixelated or linear, and for areas further away
from the area where ahgnent was close (the southeastern portion of the extent). Also required

for the comparison was a standardization of the legends for each of the products;lassing

each of the products to the common leg@asddocumented above&)nce the products wer

spatially and thematically registered, comparisons became feasible.

The actual comparison was accomplished using the crosstab function within the RASTER

module of the statistical package R. This allowed extent wide comparisons, because comparisons
only produced values where the extent of a pairwise comparison was identical. For instance, any
comparison that included TNCOs results only c
product and the product of the producer to which TNC was being comparehayssa

provided six confusion matrices showing counts of pixels mapped by one producer as a mapped
type versus another producer. These pairwise comparisons were symmetric, large, unwieldy, and
sparse. They were symmetric in that they provided one tadtistibowed the relationship

between two products; one could view how producer A mapped a type versus how producer B
mapped a type, and vice versa. They were sparse in that many cells of the matrix were 0, where
no pixels were mapped for many mapped typepammsons. These matrices took the form of

typical accuracy assessment tables, but accuracy was not implied.
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To make the comparison process more interpretal@eondensed tHargetables into easier to
understand@ondensedables Appendixll). The mndensed tables provide the number of pixels
mapped as a type for product A and then provided a percentage of those pixels that were mapped
as the same type or other types for product B. These tables were asymmetric, requiring 12 tables
to evaluate each pavise comparison between products. The legends were not identical, with

some producers mapping finer scale types than others and some producers mapping types that
did not have clear or®-one congruence between the legends. This made comparisonstdifficul

but overall congruence among the products is summarized for this analysis as:

NatureServe vs. Southeast GAP: 90.8%
LANDFIRE EVT vs. TNC: 50.2%
TNC vs. NatureServe: 43.7%
LANDFIRE EVT vs. NatureServe: 43.3%
Southeast GAP vs. TNC: 42.3%

LANDFIRE EVT vs. Southeast GAP: 32.3%

While these percentages may seem low (except for NatureServe vs. Southeast GAP which is a

result of NatureServe primarily using the Southeast GAP product where it was available), they

are surprisingly high, given thetext of the efforts, the differences in methodology, and the

large number of possible types among which the producers could have chosen to attribute to a
particular pixel. Additionally, this comparison allowed little flexibility relative to spatial or

thematic differences. That is, if producer B did not map the exact same mapped type at the exact

pi xel as producer A, it was considered a fAmis
mapped types are quite similar and this comparison failedtagivyy cr edi t f or fAnea

As an exampleTable6 shows the relationship among 6 mapped types which appear to show
consistent confusion among ttypes. The analysis suggests that differences among the products
may result from, a) confusion among the concepts of what the type represents, b) differences
among the products relative to how types were mapped along a moisture or substrate gradient, or
c) differences in how geographic distribution of the type was used.

For instance, LANDFIRE EVPprimarily mappedSouthern Ridge and ValléyCumberlandDry
Calcareous Forefitom central Tennessee southward, while Southeast GAP mapped the type up
to southerrOhio and through western Virginia. LANDFIRE EVT mappgadly large amounts

of AlleghenyCumberland Dry Oak Forest and Woodlamdouthern Tennessee and southward,
while Southeast GAP gave it a more northerly distribution with concentratiddsshVirgnia

and Kentucky. The two products may halsoused different information regardisgbstrate,

thus resulting in differing distributions relative to this important differentiator between the two
types.For Southern Appalachian Oak ForeSbutheast GAP constrained the distribution to the
Blue Ridge and mapped it through Virginia in this ecoregion, while LANDFIRE EVT allowed it
in other ecoregionut only mapped it from southern West Virginia southw@idssification
comments suggest théne AlleghenyCumberland Dry Oak Forestay be thought of as a

subtype of th&outhern Appalachian Oak Foresidicating that mapping confusion between
these two types may result from concept confusion between them.
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For major types covering large aseand showing discrepancy among the products, we produced
maps showing the extent of the types for each of the produict&igsire7. The fourpanel

images were examined but suggested a large array of differences with multiple and interacting
reasons for the differences. It was hoped that this evaluation would shed light on some basic
corrections that could be readily applied for s@aeof maps, but the extent of the differences
and the complexity of the reasons precluded our abilipydeide a detailedolution(but see

below, where a general recommended solution is provided)

To a limited degree, we examinethetherconcurrenceraong the productaas improvedf
macrogroups from the USNVC were used instead of systems. Macrogroups are coarse
thematically, and it may be that aggregating the systems into these coarser units may reduce the
influence of variations in abiotic or geagphic effects on the products. It may also buffer the
influence of concept fuzziness, allowing similar types (that may be difficult to map

differentially) to be combined. For instance, Tgpalachian & Northeastern Oaldardwood

& Pine Forest MacrogroufM502) includesl4 systemsAlleghenyCumberland Dry Oak Forest

and WoodlangAppalachian Shale BarrerSentral and Southern Appalachian Montane Oak
Forest Central Appalachian Pin®@ak Rocky WoodlandNortheastern Coastal and Interior Rine
Oak ForestNortheastern Interior DriMesic Oak ForestNortheastern Interior Pine Barrens
Northern Atlantic Coastal Plain Hardwood Forésbrthern Atlantic Coastal Plain Maritime

Forest Northern Atlantic Coastal Plain Pitch Pine Barregdsuthern Appalachian Mornta Pine

Forest and Woodlan&outhern Appalachian Oak ForeshdSouthern Ridge and Valley /
Cumberland Dry Calcareous Foremtd Northern Atlantic Coastal Plain Calcareous Ravine
Mapping these systems together as a macrogroup prdhiglessult as siwn inFigure8.

Looking at only this macrogroup among the four products suggested a higher degree of
concurrencat the Macrogroup scale of resolutidior this macrogroup and averaging among

the 12 compasions, there is a 65.2% concurrence. For all the systems in the macrogroup among
the 4 products, there is a 31.8% concurrence. Such a comparison fails to control for the relative
importance of each of the types within the macrogroup and across the maysedye, but

does suggest a convergence of the products at that resolution. So, there is an increased
concurrence among the products at the expense of decreased thematic resolution of the products.

26



Table6. Sixmapped type shomg consistent confusion among one another. Data is derived from comparisons bet&8HIFIREVT and SEGAP products and between EVT and TNC products. EVT
column indicates the mapped type with which other products are compared. SEGAP aodITiNGs indicke mapped types attributed to the pixels mapped by EVT as the type in the EVT column,
gAGK GKS LISNDSydlF3IsS 2F (K2aS LMAESta (GKFG 6SNB YI LIISROK@: (RYBSa ¢ a Wi S RNB yIEh& Sxfld abeyddet 3 NF'|
unless a sulbype of the EVT mapped type is included (bold, but no percentage).

EVT SEGAP TNC

Allegheny-Cumberland Dry Oak Forest & Woodland:Hardwood
(42%)

Southern Ridge &alley Dry Calcareous Forebtardwood (25%)
SouthCentral Interior Mesophytic Forest (10%)

Allegheny
Cumberland Dry
Oak Forest and

Allegheny-Cumberland Dry Oak Forest & Woodland (27%)
Northeastern Interior Drivesic Oak Forestypic (23)
Southern Appalachian Oak Forest:typi@%a)

) ; 0

Woodland Allegheny-Cumberland Dry Oak Forest & Woodland-Pine SouthCentral Interior Mesophytic Forest (13%)
Appalachian (Hemlock)-Northern Hardwood Forest:typic

Appalachian Northeastern Interior Drivesic Oak ForesHardwood (42%) (39%)

(Hemlock}Northern | Southern & Central Appalachian Cove Forest (12%) Northeastern Interior Drvesic Oak Forest:typic @%0)

Hardwood Forest Appalachian (Hemlock)}Northern Hardwood Forest Appalachian (Hemlock)}Northern Hardwood Forest:drier

Appalachian (Hemlock)}Northern Hardwood Forest moist-cool

Northeastern Interior Dry Oak Forest-Hardwood (45%)
Northeastern Interio] Southern Ridge & Valley Dry Calcareous Fordstrdwood (14%)
Dry-Mesic Oak Southern & Central Appalachian Cove Forest (11%)

Forest Northeastern Interior Dry Oak Forest:Mixed

Northeastern Interior Dry Oak Forest:Virginia/Pitch Pine
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EVT 20%
NS 29%
SGP 73%

TNC 27%
NS 29%
SGP 43%

TNC )

Hardwood
TNC 24%
EVT 29%
NS 87%
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TNC 4%
EVT 13%
NS 77%

TNC 22%
EVT 25%
SGP 100%

[ -
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NS SEGAP

Figure7. Depiction of the extenbf AlleghenyCumberland Dry Oak Forest and Woodland as mapped in each of the four products (TNC upper left, LANDFIRE EVT uppesSigive Mater left,
Southeast GAP lower left). Blue lines represent USFS Section bosgpglayeshading representte extent of the product, and red or yellow represents the extent of the mapped type.
Percentages indicate the percent of the mapped pixels from a product that were mapped as the same type in the three dtioes.for example, 20% of the pixels mapjrethe TNC product
were also mapped as the type in the LANDFIRE EVT product. Southeast GAP mappedyes suithin the mapped type.
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Appalachian & Northeastern Oak-Hardwood & Pine Forest Macrogroup

Figure8. lllustrationof the Appalachian & Northeastern Ogldardwood & Pine Forest Macnaip as mapped in the four products. Blue lines represent USFS Sections and dark green represents
the distribution of the macrogroup
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EcoregionbasedComparisons in the Region of Overlap of All Maps

The second type of analysis was liedl to the area in Virginia and part of West Virginia where

all four products overlappeddeFigure2, above. This analysis involved summarizing the area

of each mpped type for each USFS Subsection (ECOMAP 2007). The analysis generalized any
minor spatial discrepancies among the datasets, and allowed us to evaluate the maximum
difference in area for each mapped type in each subsection among products. It alsagave us
measure of the geographic distribution of differences among the products for each mapped type.
For instance, for each mapped type, we counted the number of sulssebtioe the type made

up more than 10% of the area of the subsection mapped and ivaéype differed by greater

than 10% among the productable?).

Using thisapproachwe determined thahap products foNortheastern Interior Drivlesic Oak
Forestdiffered in 12 subsections, indicating a fairly geographically widespread difference among
products. Similarly, theSouthern Piedmont Dry Oak(Pine) Forestliffered in 7 subsections,

andthe overall difference in area mapped among produass@mparableto the Northeast

Interior Dry-Mesic Oak Forediargest difference for the former is 7,709 sqg. km. and for the

latter is 8,128 sq. km.). Many of the same mapped types that were highlighted as showing
marked confusion among the produatshe sca of the NECSC footprintere also identified

using thisecoregiorbasedanalysis.

Within the areaof overlap a total of 85 systems were mapped by at least one of the map
producers, with only 25 of those systeri80%,mapped by all producer®n additional 30
systems known to occur in the area were not mapped by any of the proddiffergnces in
what was mapped could be traced to several causes:

(1) The mapping of systems outside their expected rarigemapping methods used by
all producersiecessitated decisions about the geographic extent of system
distributions. Often, map zones or ecoregional limeseused to constrain a given
system to particular aredsANDFIRE, SEGAP, NatureServe)r mapping rules
dictatal the most likely matrix syem in a particular geograplfyNC). Fourteen of
the 85 systems mapped were not expected to occur within the geography being
compared based on the conceptual classification information (i.e. state and
ecoregional tabular attributions) alofdnis highlighs the fact that map products,
based on methodology and plot assignment, did not concur with the distributions of
the target types as understood by a separate (or overlapping) set of ecologists
attributing systems to ecoregions and/or stdthe.vast majoty of those, however,
occur in proximity to the region and in some cases, the classification information
itself is somewhat unclear as to the precise extent of the system. Consequently,
different map producers made different decisions about where toegdaegional
breaks, resulting in the observed differences. For example, the TNC map extends
several systems into Virginia whose classification concepts are limited to more
northern geographies; given that the TNC map has a focus on Northeastern
vegetationthis is not altogether surprising.
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(2) Different approaches to smaller patch types. Because both the focus of the mapping
efforts and the methods employed diffeegdong maproducers, the degree to
which small patch typesere mappedlsovaried TNC tageted several wetland,
barrens, and cliff types that other producers did not attempt to capture, while
SEGAP/NatureServe mapped an additional bog and fen type and an additional cliff
type not mapped by others, as well as several wetlands typés\tiBFIRE and
TNC had only captured as aggregateasmombined system classeANDFIRE, in
comparison, targeted few map classes not captured by others.

(3) An additional 30 systems knawvto occur in the area were not mapped by anyone
further highlightingthedisce pancy bet ween ecol ogi stsod wur
distribution of target types and the distribution of those types as depicted by the
products These include (1) several small patch systérasare difficult to accurately
mapincluding seeps, glades, cliffs, and ponds; (2) linear types including river
courses ravines, beaches and bluffs, and (3) wetland and aquatic types including
seagrass and aquatic beds, tidal marshes, peatlands, and lakeshores.

(4) Differences in thematic rekution. As mentioned previously, the four majeducers
utilized aggregates and finecale units to varying degrees to capture vegetation
concepts. This both complicates our direct comparison of mapping targets, and also
has implications for users intated in particular map units. For example, both within
the zone of overlap and elsewhdtANDFIRE aggregates many wetland systems
together while TNC breaks those same systems intodicede map classes based on
wetland characteristics.

(5) Different spatiakesolutions: raw 30m data vs. smoothed 30 m data vs. whatever
TNC did. These are important mapping methods to mention in this context.
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Table7. A listing of mapped types making up greater than 10% of any subsection athdifh amount mapped by greater than 10% among products in the area where the
four products overlapped. The count of the number of subsections where difference is giteatiet0%, sq. km. of the type mapped overall in the overlap zone, largest
difference in sg. km. among the products, and the rank of the difference from 1 (largest difference) to 10 (10th largest diff¥eime)cells indicate smallest area mapped,
orange cells represent largest area, and blue cells highlight the top ten types mgéistalifferences.

sq. km
Count of
Subsections
Differing by Largest | Difference
Mapped Type >10% EVT NS SEGAP TNC | Difference Rank

AlleghenyCumberland Dry Oak Forest and Woodland 13 4,312| 11,551 14,675 4,599 10,363 1
Northeastern Interior DnMesicOak Forest 12 5,087 9,102 12,796| 11,200 7,709 5
Southern Appalachian Oak Forest 12 3,591 2,644 4,121| 10,329 7,685 6
SouthCentral Interior Mesophytic Forest 9 9,636 2,546 989 4,455 8,647 2
Southern Piedmont Mesic Forest 9 5,710 1,845 1,263 9,849 4,447 10
Appalachian (Hemlocyorthern Hardwood Forest 8 3,453 5,330 691 565 4,765 9
Central Appalachian Dry O&line Forest 8 3,265 4,183 1,018 4,309 3,291
Southern and Central Appalachian Cove Forest 8 5,743 3,446 3,890 2,213 3,530
Southern Piedmonbry Oak(Pine) Forest 7 7,905| 14,553 15,400 7,272 8,128 3
Managed Forest 5 9,135 9,034 9,351 4,559 4,792 8
Ruderal Forest 5 7,837 7,837 4
Southern Ridge and Valley / Cumberland Dry Calcareous Forest 5 150 2,171 4,216 3,622 4,066
Successiondbrassland & Shrubland 3 1,038 3,767 4,138 4,140 3,102
Agriculture 2 28,000 23,183 23,226| 23,914 4,817 7
Herbaceous Wetland 2 989 5 989
Southern Atlantic Coastal Plain Dry and-Bigsic Oak Forest 2 451 2,760 2,760 2,760
Atlantic CoastaPlain Nonriverine Swamp and Hardwood Forest 1 418 762 762
Northern Atlantic Coastal Plain Hardwood Forest 1 856 2,594 2,594
Southern Appalachian Northern Hardwood Forest 1 1,229 21 37 52 1,208
Atlantic Coastal Plain Mesic Hardwood Forest 1 3,961 2,814 2,813 4,522 1,709
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Case Study: Prince William Sound Forest Park

To better understand differenca®mongmaps, we performed a detailed comparison of mapped
vegetation on the ground at a single locaf@igure9). We used Prince William Forest Park, in
northern Virginia, as our case study. We chose this location becausatliinsthe area of

overlap for all four maps, a detailed Na@biRark Service vegetation map has been completed

for the area, and the Park is located in a transition area between several ecoregions, illustrating
the challenges of ecosystem mapping in transition zones.

Figure9. PrinceWilliam Sound Forest Park was selected as a case study to compare all four maps evaluated. The legend was
generalized to reflect the basic ecological patterns. NPS = National Park ServiceNDFFERESEGAP = Southeast GAP, NS =
NatureServeTNC = The Nate Conservancy. The NPS map was based on aerial photo interpretation. The other 3 types of
maps are based on remote sensing imagery.

In order to assess differena@®ongmaps in this area, we visually examined the maps

themselves, compared the total area mapped for each system in each map, and used NPS plot
data to perform a fApseudo accuracy assessment
SEGAP mapsvereessentiallydentical in this region, we did not assess them separately.

Observed differences closely tracked the differences uncovered in our larger analysis.
Specifically, maps differed due to (1) actual differences in mapping targets, (2) conceptual
differences invhat targets were understood to represent, (3) differences in the use of range
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