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ABSTRACT

In 1995, the Manual of California Vegetation introduced a quantitatively based method for classifying
and mapping vegetation in California. We used this method to develop a classification of vegetation types
for Napa County, which we then used to attribute the polygons of a new vegetation map. The new map
was produced by on-screen digitizing over USGS Digital Orthophoto Quarter Quads (DOQQ’s) with the
aid of ancillary digital maps. We identified the distribution of 56 landcover types, 48 dominated by natural
vegetation, at the alliance or aggregated alliance level, in 28,456 polygons across 2042 km?. The effective
minimum mapping unit is below one hectare. The methods used, the mapping classification system
developed, and the extents of landcover types mapped are presented. In a comparison with two previous
digital vegetation maps for the area, the US Forest Service’s CalVeg and the Gap Analysis Program’s
GAP maps, the MCV map had finer spatial and floristic resolution. The MCV map has 15 more vegetation
types than CalVeg and 22 more vegetation types than GAP. The MCV map contains more riparian
corridors and isolated wetlands, identifying 157 km? of these types, compared to 7 km? for CalVeg and

a non-spatial result for GAP.
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Physical and biotic conditions, along with site
history, drive the composition of plants found at
any site (Major 1955; Kent and Coker 1992).
Therefore, vegetation represents a unique biotic re-
sponse to local environmental conditions at a site.
Vegetation composition is in turn a major factor in
determining what animals may be present. Because
of the interactions between environment, plants,
vegetation and community structure, vegetation dis-
tribution has long interested ecologists and natural
resource managers. Documenting regional vegeta-
tion is useful for many purposes, including biodi-
versity assessment, conservation planning, resource
management, and species distribution modeling
(Stohlgren et al. 1997; Scott and Jennings 1998;
Margules and Pressey 2000; Scott et al. 2002; Ol-
iver et al. 2004). At watershed and broader scales,
the most common way to document the vegetation
is with a spatial map. The basic components of a
vegetation map are: a vegetation classification, de-
lineation of the landscape into map units (poly-
gons), and attribution of those map units with clas-
sification labels.

This study presents the results of a recently com-
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pleted vegetation mapping effort for 2042 km? of
Napa County (map available at http://cain.nbii.gov/
regional/napavegmap/). We developed a vegetation
classification at the alliance, the aggregated alliance
(Super Alliance) and in a few cases, the finer as-
sociation level for the county using classification
units described in the Manual of California Vege-
tation (MCV) (Sawyer and Keeler-Wolf 1995).
Species names follow the Jepson flora (Hickman
1993). We delineated the landscape into map units
(polygons) using U.S. Geological Survey (USGS)
digital orthophoto quarter quads (DOQQ’s), be-
cause of their low cost, ready availability, and high
spatial resolution. DOQQ’s have one-meter pixels
and high geospatial accuracy that allowed us to
map stands to a target minimum mapping unit
(MMU) of one hectare (ha), with a horizontal spa-
tial accuracy that meets USGS map accuracy stan-
dards for 1:24000-scale maps (U.S. Geological Sur-
vey 1999). Finally, we labeled the polygons using
the MCV vegetation classification and an additional
list of provisional or aggregated vegetation types,
not yet formally defined in the MCV. Methods. re-
sults and discussion sections are broken into two
parts: the first describes the methodology and the
map, while the second compares it to two existing
maps. Supplemental map materials not presented in
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this article are available for download at http://
cain.nbii.gov/regional/napavegmap/.

The techniques presented here are a simple, low
cost variant of methods currently being used to map
the vegetation of California’s National Park units
(The Nature Conservancy and Environmental Sys-
tems Research Institute 1994a) as well as the Cal-
ifornia Mojave Desert region (Thomas et al. in
press), and other conservation planning areas in-
cluding western Riverside County.

The Manual of California Vegetation (Sawyer
and Keeler-Wolf 1995), the principal authority for
our map’s vegetation types, is the culmination of
work coordinated by the California Native Plant
Society (CNPS), to develop a consensus classifi-
cation and standard methodology for floristic de-
scriptions in California. MCV types are based on
dominant canopy species that define an alliance and
have a correspondingly discernable signature on
base map imagery.

The mapped vegetation definitions include size
and cover estimates, which permit the conversion
(a crosswalk) of MCV-based alliance names to the
California Wildlife Habitat Relationship (CWHR)
habitat types (Mayer and Laudenslayer 1988; Cal-
ifornia Department of Fish and Game 2002).

Vegetation Classification System Used

The MCV classification system was selected for
the new map for four reasons. First, it is consistent
with the National Vegetation Classification Stan-
dard (NVCS) hierarchy (The Nature Conservancy
and Environmental Systems Research Institute
1994b; Federal Geographic Data Committee 1997)
at the alliance and association level. Second, de-
veloping the MCV classification through applied
mapping projects extends the evolving NVCS flo-
ristic classification standard to the montane, medi-
terranean-climate ecosystems of California. Third,
as a quantitatively based classification system, it is
objective and repeatable by different investigators,
using standard techniques. Finally, it is an adaptive
system. As new vegetation types are identified, they
may be proposed for inclusion in the MCV. Map-
ping projects, like this one, play a continuing role
in MCV development.

An inter-agency and academic group convened
by the CNPS Vegetation Committee developed the
MCV vegetation classification (Keeler-Wolf 1993,
1997; Hillyard 1999). It is designed to integrate
with the hierarchical NVCS classification. The
highest levels are based on dominant growth form,
plant physiognomy (e.g., leaf type and seasonality),
stand structure, and abiotic factors such as climate,
hydrologic regime and geographic region (e.g.,
“‘temperate” or ‘‘tropical”); while the lowest levels
are based on the floristic composition of the vege-
tation (Grossman et al. 1998). The NVCS has been
adopted as a federal agency standard, at the phys-
iognomic level, by the Federal Geographic Data
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Committee (FGDC) (1997). The MCV classifica-
tion is also hierarchical. Finer scale levels of alli-
ance, super-alliance and association may be com-
bined for display at coarser physiognomic levels
(formation and class) to show broader vegetation
patterns (Grossman et al. 1998; Maybury 1999).

The MCYV is an evolving classification system,
with new data still being added to the system: over
7500 California vegetation plots of field data have
been collected using MCV protocols from 1994 to
spring 2003 (Sawyer and Keeler-Wolf 1995; Kee-
ler-Wolf personal observation). The plots have been
used to quantitatively describe 415 alliances and
over 1450 associations. Ultimately, Keeler-Wolf
(personal observation) estimates that some 2000 as-
sociations occur in California. For comparison,
Maybury (1999) has documented 1642 alliances
and 4515 associations nationwide, and NatureServe
(http://www.natureserve.org/) estimates that there
will be 5000-6000 associations nationwide when
all fieldwork is completed (Dennis Grossman per-
sonal communication, Science Division of
NatureServe).

Previous Vegetation Maps

At least five prior maps of the natural vegetation
of Napa County exist. Two early maps are the
Wieslander Vegetation Type Maps (VTMs) (Wies-
lander 1935) and Kuchler’s 1:1,000,000-scale map
(1988). Two more recent digital vegetation maps
exist, derived from 30-meter Landsat Thematic
Mapper (TM) satellite imagery: the CalVeg map
(Schwind and Gordon 2001), and the California
Gap Analysis map (GAP) (Thorne 1997; Davis et
al. 1998). The CalVeg and GAP maps are compared
to the MCV map in this study. A fifth available
map, the National Land Cover Database (NLCD),
is a national map of physiognomic types, based on
Landsat (TM) imagery (Vogelmann et al. 1998).

The CalVeg map was originally used for timber
assessment and forest management, but it is now
also used for land cover change detection, on a five-
year re-mapping cycle. The CalVeg classification
emphasizes single species dominance, using an au-
tomated supervised classification algorithm, applied
to satellite imagery. The greatest species composi-
tion detail is provided for tree-dominated (espe-
cially conifer) types, with less detail for shrub and
herb dominated types. This floristic classification is
one of four separate classification components of
the CalVeg mapping methodology that identify per-
cent cover, tree size, lifeform and vegetation type
(i.e., dominant species). For lifeform, CalVeg iden-
tifies 11 types: conifer, hardwoods, mixed conifer
and hardwoods, shrub, wet herbaceous, dry herba-
ceous, barren, water, snow, agricultural and urban.
The lifeform category identifies a stand as conif-
erous if 10% or more of the cover is in conifers. If
conifer cover is <10% and hardwood cover is
>10%, it is a hardwood type. If there is = 10%
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tree cover, but = 10% shrubs cover, it is labeled a
shrub polygon. If none of these three categories ap-
ply, it is assigned to one of the other categories
(Schwind and Gordon 2001).

CalVeg identifies one, two or in rare cases more
than two dominant plant species per lifeform poly-
gon. Single species are considered dominant if they
occupy >50% of the dominant lifeform cover. Two
species co-dominants are identified under a variety
of combinations of cover class, and multiple spe-
cies are identified for highly diverse types such as
enriched mixed conifer forests (Schwind and Gor-
don 2001). The CalVeg MMU is | ha and the map
covers most of the forested regions of the state
(Schwind and Gordon 2001).

The GAP vegetation map is meant to be used in
conjunction with a map representing land manage-
ment classes to identify, at the ecoregional scale,
vegetation types that are poorly represented on
lands managed for conservation (Davis et al. 1995).
The GAP map identifies up to three dominant over-
story plant species in each vegetation type and re-
cords up to three vegetation types within each poly-
gon (Holland 1986). Each vegetation class is
ranked as to the percentage of the polygon it oc-
cupies. GAP converts species combinations into
Holland types (Davis et al. 1998), which in turn are
converted to CWHR types (Mayer and Laudenslay-
er 1988). Since publication of the GAP map, CDFG
has replaced the Holland classification with the
MCYV classification and revised CWHR to facilitate
a CWHR-MCYV crosswalk. The GAP map’s MMU
is 100 ha, too coarse for most local planning uses.
Unlike most other California vegetation maps, GAP
covers the entire state and is part of a national pro-
gram of similar state-level maps.

We used Holland types for comparison to the
MCYV map, as those are the closest to the vegetation
types in the MCV map. To total the spatial distri-
bution of any given Holland type, we multiplied the
percentage of that type found in each polygon by
that polygon’s area and added the results from all
the polygons. Note that while total areas can be
calculated, the GAP map does not map the loca-
tions and extents of Holland types within each

polygon.

Study Area

Napa County was selected as the study site be-
cause of its floristic, vegetative and environmental
diversity, which provided a robust test of the map-
ping methodology. A biodiversity assessment of
Napa County (Underwood and Russell et al. 2001)
concluded that existing vegetation maps were of in-
sufficient spatial and floristic resolution to support
accurate biodiversity conservation planning. Strong
local support for a new vegetation map facilitated
the selection of the county, and greatly aided the
investigators. Napa County is located north of San
Francisco and covers approximately 2042 km?.
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The flora of Napa County consists of roughly
1520 taxa, based on a draft manuscript of the Flora
of Napa County (Jake Ruygt personal communi-
cation). Of Napa’s 1520 taxa, 1102 are native (pre-
sent in California pre-settlement, 72.5%) and 418
are exotic (27.5%), compared to 4839 (82.5%) na-
tive and 1023 (17.5%) exotic for California’s 5862
taxa (Hickman 1993). Thus, Napa County is home
to 32% of the state’s native flora, while comprising
only 0.5% of its total area. This floristic diversity
is a function of high climatic, topographic, and
edaphic diversity (Ornduff et al. 2004), as well as
the overlap of many species at the limit of their
ranges (Jake Ruygt personal communication). It
leads to a high diversity of vegetation types, many
of which are not well documented. This high de-
gree of biodiversity, rarity, and endemism is sig-
nificant at both statewide and national levels (Steb-
bins and Major 1978; Stein 2002). The greatest bio-
diversity occurs in the north county, where eleva-
tion and moisture gradients are the steepest and
elevations highest (Underwood-Russell et al. 2001).

Physiographically, Napa County exemplifies the
California Coast Ranges, with steep, roughly par-
allel, northwest-trending mountain ridges separated
by fertile, flat-bottomed valleys. The county’s med-
iterranean climate has a maritime influence, with a
strong, decreasing moisture gradient from west to
east and from high to low elevation. Mean annual
precipitation ranges from 51 to 140 cm/yr (Daly et
al. 1994; Miles and Goudy 1997; Daly et al. 1998).
There are 11 broad soil associations (Lambert and
Kashiwagi 1978), spread over volcanic, sedimen-
tary and ultramafic (serpentine) terraines (Norris
and Webb 1990; Miles and Goudy 1997). The larg-
est watersheds are the Napa and Suisun. The largest
lake, Berryessa, is man made and covers 5.7% of
the county (determined using the map presented
here). Land ownership is predominantly private
(Underwood-Russell et al. 2001).

METHODS
Map Development

Map development had five stages: 1) landcover
(vegetation) classification and minimum mapping
unit (MMU) definition; 2) base map imagery and
ancillary GIS data layers acquisition; 3) field re-
connaissance to refine the classification and devel-
op a photo interpretation key; 4) vegetation poly-
gon delineation and attribution; and 5) field verifi-
cation to assess polygon label accuracy and revise
polygon definitions and the photo interpretation
key, as needed. A five-person crew conducted pho-
to interpretation, polygon delineation and attribut-
ing from February to June 2002. A two-person
crew conducted field verification from early August
through late October 2002.

Landcover classification and target MMU. We
developed a list of vegetation types to be mapped
by combining a literature review with input from
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local botanists. The list contained described vege-
tation types and vegetation types observed in the
county, but for which no formal description (NFD)
currently exists. The NFD types were designed to
be consistent with the MCV classification hierarchy
(Sawyer and Keeler-Wolf 1995). A vegetation type
was labeled NFD if: 1) it was not currently in the
MCYV alliance classification, 2) it was defined in
MCYV, but could not be distinguished on the imag-
ery from another type, or 3) it was an undefined
association within a previously defined MCV alli-
ance. Once a type was identified as NFD, we in-
cluded it in all subsequent analyses, assuming that
it will eventually be described and incorporated in
the MCV.

We targeted the vegetation alliance level, rather
than the finer association level for polygon labels,
because associations are often defined by understo-
ry species not visible in remotely sensed imagery,
and because associations are less completely de-
fined than alliances for the region (Sawyer and
Keeler-Wolf 1995). However, we used the finest hi-
erarchical level discernable on the base imagery,
which includes a few associations. Virtually all
grasses and many shrub types are not identifiable
to species in the imagery, and in forest types, foot-
hill pine (Pinus sabiniana) was hard to discern,
when its cover was <20%. In these cases, we used
the term ‘‘super alliance” to indicate an aggregat-
ed-alliance, intermediate between a floristic alliance
and a physiognomic formation.

Other vegetation data we recorded beyond the
vegetation type were: 1) cover classes for all veg-
etation types, and 2) size classes for tree dominated
types only. There are five cover classes, based on
percent cover of the dominant stratum: 2—-10%, 11—
25%, 26—40%, 41-60%, and >60%. There are six
size classes: seedlings (<2.5 cm diameter at breast
height, DBH), saplings (3—15 cm DBH), small (16—
30 cm DBH), medium (31-63 c¢cm DBH), large
(>63 cm DBH), and multilayered medium to large
trees over smaller trees with combined cover >
60%. Size and cover class for each applicable poly-
gon were recorded to facilitate translation between
MCV vegetation and CWHR habitat types (Cali-
fornia Department of Fish and Game 2002). A
crosswalk between MCV and CWHR classifica-
tions allows the MCV map to be used to estimate
habitat suitability for vertebrate species and habitat
management.

Given the complex, fine grained nature of the
vegetation mosaic and the one-meter square size of
the 1993 DOQQ imagery, we selected a target
MMU of one hectare (2.5 acres), with the caveat
that we would delineate smaller polygons, when
feasible, for high-value vegetation types such as
seeps, riparian corridors, and other wetlands.

Base map imagery and ancillary GIS data. We
digitized vegetation polygons and characterized
their vegetation from the most recently available
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DOQQ’s for Napa County, flown in 1993. The fol-
lowing ancillary maps and air photos were used to
aid polygon delineation and attributing: 1) 30-meter
digital elevation models (DEMs), 2) digital raster
graphics (DRGs) of the USGS 1:24,000 topograph-
ic maps, 3) the most recent fire history map from
the California Department of Forestry and Fire Pro-
tection (CDF 1999), 4) the California Division of
Land Resource Protection’s Farmland Mapping and
Monitoring Program (FMMP) maps for Napa
County (produced every two years from 1984—
1998, we used the 1994 map, http://www.consrv.
ca.gov/DLRP/fmmp/), 5) color photocopies of
~410 color, 1:24,000 stereo pair aerial photos
(WAC  Corporation,  http://www.waccorp.com/
califcoun.shtml), 6) color photocopies of the 1931
Wieslander Vegetation Type Maps for southern
Napa County, together with the associated VTM
plot data and summary descriptive text (from the
Dr. Allen-Diaz collection at UC Berkeley), 7) soils
and geology maps depicting serpentine terrains
(Lambert and Kashiwagi 1978; Wagner et al. 1982),
and 8) occurrence maps of vernal pools and select-
ed plant species of concern, provided by Napa
County botanist, Jake Rugyt.

Field reconnaissance for classification refine-
ment and photo interpretation key. Field reconnais-
sance consisted of a three-day, 123-stop driving
tour of the county by the project ecologists and
photo interpreters that documented vegetation type
for 221 vegetation stands. This information was
used to: 1) identify previously undocumented veg-
etation types and revise the vegetation classification
scheme; 2) document stands of known composition,
structure, and location for use in developing photo
interpretation signatures; and 3) collect data on
dominant species composition and environmental
features at observation points to build vegetation—
environment relationship models (developed from
Barbour and Major 1988).

Slope, aspect, elevation, substrate, site moisture,
land management and disturbance regimes and oth-
er environmental factors were recorded at each
stop. The initial list of 89 possible vegetation types
was distilled into a list of 53 mappable vegetation
types, each linked to a vegetation-environment re-
lationship model. Seven non-vegetated or sparsely
vegetated land cover types (mudflat, open water,
urban, vacant, serpentine barrens, rock outcrop and
unidentified), plus agriculture, were also recorded.
These observation points allowed the photo inter-
preters to identify image signatures for known veg-
etation types. The vegetation-environment relation-
ships and the signature characteristics were then
compiled in a photo interpretation key, which was
used to attribute unvisited polygons (see http:/
cain.nbii.gov/regional/napavegmap/ for the key).

Polygon delineation and labeling. Digitizing was
done on-screen, drawing vector outlines of each
visible stand of vegetation. In general, the MMU is
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1 ha. However, units down to ~0.25 ha were delin-
eated around seasonally wet meadows, easily
mapped pocket grasslands and farm ponds. Over
5000 polygons are less than 1 ha in size. Polygons
were delineated using a larger MMU (~2 ha) for
subtle divisions between very similar floristic types
or to delineate within-type changes in stand size or
cover class. A 5-ha MMU was used for urban fea-
tures within an agricultural polygon or agriculture
within urban areas.

Using the photo interpretation key, a team of five
photo interpreters digitized and labeled >31,000
polygons, each encompassing a stand of vegetation
(or non-vegetation cover type) of uniform structure,
composition, density and size class (if applicable),
as discernable on the DOQQ’s. Polygon delineation
was recorded on digital 7.5-minute USGS quads,
each of which encompasses four 1:12,000-scale
DOQQ’s. These quads were then merged to create
a whole-county map. Ancillary data were used,
when appropriate, to facilitate polygon labeling.

Locations of known vegetation were used to start
the polygon label attribution process. Photo inter-
preters trained on these locations, and then identi-
fied other, nearby locations of the same vegetation
type using the species-environment distribution
models and DOQQ image signatures. Vegetation
cover and size classes were visually estimated, with
the assistance of the ancillary stereo air photo pairs.
Size classes were determined using canopy size-
diameter at breast height (dbh) regressions avail-
able to the air photo interpretation subcontractor
(Aerial Information Systems). The total number of
polygons was reduced to 28,456 by merging adja-
cent polygons with identical label attributes.

Field verification and map unit revision. Field
verification was done using a preliminary map of
the labeled vegetation polygons printed on the im-
agery at a scale of 1:14000. Field crews drove all
available public roads, and as many private roads
as we could get permission to access.

When possible, the crews physically entered
polygons that were verified. However, most of the
field verification consisted of observing nearby
slopes with binoculars from viewpoints along road
rights-of-way. Verification at a distance was only
feasible when the vegetation mosaic allowed ex-
trapolation of the visual signature from nearby,
readily identifiable stands to comparable stands
over successively larger distances. The majority of
the verification distances were <300 m, but for cer-
tain forest types with distinctive canopy character-
istics, verification was possible at distances up to
600 m.

Field crews documented both correct and incor-
rectly labeled polygons. For incorrect polygons, an
abbreviated Rapid Verification Assessment (RVA)
form was used to note the amended vegetation type,
attribute features and any new or unusual species.
Once a pattern was documented, repeated instances
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of the same type of label error were recorded di-
rectly on the field maps in abbreviated form. Ap-
proximately three team months (two-person teams)
were spent checking polygons.

Field verification data were used to make correc-
tions in vegetation type descriptions and for poly-
gon labeling. Field verification data were also col-
lected to refine and correct the species-environment
relationship models and the photo interpretation
key used to label the polygons. These revisions per-
mitted identification of nearby, unvisited polygons,
which might need label corrections. Unvisited poly-
gons requiring attribute edits were assigned a more
generalized vegetation type, generally abstracting
from alliance level to super-alliance.

Post-production map accuracy assessment. A
formal post-production map accuracy assessment
was not included in the project due to funding lim-
itations that precluded the field work needed not
only for the map accuracy assessment itself, but
also for the plot data collection needed to quanti-
tatively define the provisional NFD vegetation
types. We chose to use all the verification data to
develop the best map we could, given limited re-
sources. We present results from the verification ef-
fort.

Map Comparisons

We compared the Napa MCV map to two other
available digital vegetation maps: the California
Gap Analysis (GAP) map and the US Forest Ser-
vice CalVeg map. The comparisons are based on:
1) the vegetation classifications used; 2) the extent
of different vegetation types mapped; and 3) the
number and size distribution of polygons.

Comparison of vegetation classifications. We de-
veloped a crosswalk between the three maps’ veg-
etation classification systems by comparing the
vegetation classes developed for our mapping effort
with the lists of vegetation types from the GAP and
CalVeg maps for Napa County. We began by iden-
tifying which CalVeg species types and GAP veg-
etation classes (Holland types) correspond to our
MCYV types, and which types or classes are unique
to one of the three maps. Several GAP or CalVeg
classes may correspond to a single MCV class, but
we did not allow a single MCV class to go to more
than one class in the other systems. Extents of all
vegetation classes from all maps are included as
part of the mapped extents comparison.

Extent of mapped vegetation types. To compare
the extent of mapped vegetation types in the coun-
ty, we selected an area slightly smaller than the full
extent of the county (1835 km?), since we worked
with a version of CalVeg that did not then include
a small section of the southern Napa Valley. We
clipped the GAP map and the MCV map to the
extent of the current CalVeg coverage, then com-
pared the extents of different vegetation types



















































