50 FIELD-SURVEY ASSESSMENT OF THE GAP GIS DATABASE IN

NATURAL VEGETATION AREAS OF SAN DIEGO COUNTY
5.1 Introduction

As discussed in Section 2.0, developing reliable biogenic emission inventories
depends on quantifying BHC emission rates, leaf mass constants, and the spatial
distribution and species composition of vegetation. ~Under long-term ARB and
SCAQMD funding, BHC emission rates and leaf mass constants have been developed for
numerous species relevant to California (Winer et al. 1983, 1992, Miller and Winer 1984,
Horie et al. 1991, Karlik and Winer 1998). Of the Southern California airsheds, spatial
distribution and species composition of vegetation have been established for urban and
natural areas within the SoCAB, which includes Orange County and the non-desert
portions of Los Angeles, Riverside, and San Bemardino Counties (Winer et al. 1983,
Miller and Winer 1984, Horie et al. 1991, Benjamin et al. 1997). As discussed earlier,
several BHC emissions inventories varying in comprehensiveness have been reported for
the SOCAB, including a recent spatially- and temporally-resolved inventory (Benjamin et
al. 1997). A limited BHC emission study for Santa Barbara and Ventura Counties which
are part of the SCOS97 domain have also been reported (Chinkin et al. 1996b). However,
a validated spatial distribution and species composition inventory of vegetation,
specifically for BHC emissions applications, has not been established for urban and
natural areas of the San Diego County airshed, which was also an important part of the
SCOS97 domain. At the request of ARB staff, a portion of the present project was
redirected to an investigation of the composition and dominance of natural vegetation in
San Diego County, with an emphasis on obtaining data to evaluate vegetation databases
in this region.

A potential source of information concerning vegetation in the natural areas of
San Diego County is the Gap Analysis Program (GAP) database, which is coordinated by
the National Biological Service to identify the distribution and management status of
plant species. The GAP database is a geographic information system database based
primarily on remote-sensing data describing vegetation type and dominance in terms of
areal coverage. Unlike other vegetation maps which describe geographic areas using

plant communities, the GAP database describes the vegetation in given geographic areas
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using plant species. Because BHC emissions inventories rely on species-specific
measurements of both leaf mass and emission rates, the GAP database offers the
advantage of providing species-specific vegetation distribution data. Moreover, the GAP
GIS database is recent for Southern California (Davis et al. 1995), and therefore in
principle more up to date than older vegetation databases employed in California such as
the vegetation type map (VTM) surveys conducted in the 1930s and CALVEG generated
in the 1970s (Sawyer and Keeler-Wolf 1995). Although large-area, small-scale GIS
databases based on remote-sensing data such as GAP offer a potentially inexpensive and
straightforward approach to characterizing the distribution and foliar identity of natural
vegetation within an airshed, incorporation of such GIS databases into BHC emissions
inventory development requires evaluation of their accuracy and reliability through
ground-based observations.

This chapter reports the results of a ground-based assessment of the GAP GIS
database for San Diego County through vegetation surveys of representative GIS
polygons using a modified stratified random sampling approach and a survey protocol
based in part on the recommendations of the developers of the GAP database (Stoms et
al. 1994). Data gathered from vegetation field surveys conducted from September, 1997
to April, 1998 in San Diego County were used to assess the agreement with the GAP GIS
database in predicting distribution and species identity of vegetation, and to provide a

quantitative description of plant species assemblages.

5.2 Previous Studies Estimating Coverage of Vegetation in Natural Areas in

California for the Purpose of Generating BHC Emissions Inventories
The first study attempting to estimate the plant species distribution and abundance

within natural areas of California for the purpose of generating BHC emissions
inventories was performed by Winer et al. (1983). As part of a study estimating the BHC
emissions inventory for a portion of the SoCAB, their research estimated the green leaf
biomass distribution of urban and natural portions of the SoOCAB (Miller and Winer
1984). For natural vegetation areas, the study relied on data collected from VTM
surveys, a sampling system developed by A.E. Wieslander and executed by the USDA

Forest Service to collect data on plant cover and composition for natural plant



communities from 1928 to 1940 (Wieslander 1946). Each sample element covered 100
milliacres within a 132 ft x 33 ft study plot, subdivided into 100 milliacre subplots, each
6.6 fi x 6.6 ft in dimension. The dominant plant cover within each milliacre subplot was
recorded and the percent cover of each plant was determined by the number of milliacre
subplots dominated by the plant species within the whole VTM plot.

Winer et al. (1983) used the 106 VTM plots within the SoCAB boundaries to
estimate the areal cover of plant species within their study area. The VIM plot data were
grouped into five cover classes: grassland, sagebrush, chamise chaparral, chaparral, and
woodland. From the VTM data, percent areal cover of each plant species was estimated
for each broad vegetation class, and total areal cover in square kilometers for each cover
class within the SoCAB study area was determined. The areal cover for each species in a
cover class was obtained by multiplying the percent cover of a species within a class
times the total areal cover for the cover class. The resulting data served in part as the
basis for a BHC emissions inventory estimate by Winer et al. (1983) and for subsequent
BHC emissions inventory estimates by Horie et al. (1991), Arey et al. (1995), and
Benjamin et al. (1997)

In the study of Horie et al. (1991), researchers estimated the areal coverage of
natural plant species from a point sampling procedure. The natural areas within the
SoCAB were first divided into eight natural provinces to account for geographic variation
in species composition. A transparency with 25 regularly spaced points was placed on 5
km x 5 km grid cells of the vegetation maps, and the plant communities beneath each
point were recorded. The areal proportions of each plant community was estimated from
the proportion of points falling within each plant community. Species composition was
estimated from VTM surveys.

Tanner et al. (1992) developed a BHC emissions inventory for the San Joaquin
Valley Air Basin (SJVAB). Plant communities were distinguished within the air basin
using the Landsat Thematic Mapper satellite imagery of 1983-85 utilizing six spectral
bands coupled to CALVEG, a GIS ARC/INFO vector database compiled by the
California Division of Forestry. CALVEG listed 99 plant community types, and the GIS
had a minimum mapping unit of 400 hectares. Areal calculations for species were based

on community descriptions and literature values.
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Sidawi and Horie (1992) also developed a BHC emissions inventory for the San
Joaquin Valley Air Basin. Areal coverage data for the natural areas were obtained solely
from field surveys. Sidawi and Horie surveyed fifteen 2.5 hectare plots within the
SIVAB and in adjacent coastal and Bay Area counties, measuring crown volume and
cover.

Several nationwide studies based on remote-sensing data also estimated
vegetation cover for California, and these studies, summarized in Guenther (1997),
coarsely categorized vegetation into broad classes such as deciduous versus evergreen
forests and scrub versus grassland. These studies used potential vegetation maps (maps
describing vegetation in its natural, climax community state in the absence of
anthropogenic influence), satellite data, and limited ground observations, resulting in a
spatial resolution ranging from 0.0064 km? to 3,000 km® (Guenther 1997).

All of the above-mentioned studies have limitations. VTM plots in Southern
California did not emphasize woodlands and forests or the species composition within
those vegetation classes. Thus, the VTM plots ignored distinctions between pine forests
(a low monoterpene-emitting vegetation class) versus oak-pine woodland (a dominantly
isoprene-emitting vegetation class). The studies based on CALVEG were limited by
CALVEG’s accuracy, which has been criticized (Davis et al. 1991, Sawyer and Keeler-
Wolf 1995). Furthermore, the minimum mapping unit of 400 hectares (4 km?®) was large
and may have resulted in the omission of areas of vegetation smaller than the minimum
mapping unit. Furthermore, CALVEG was based on plant community classification and
required additional data in order to be used with species-specific emission rates and leaf
masses. The studies based on remote-sensing data also experienced the same problem of
large minimum mapping units. Furthermore, these studies generated coarse inventories
based on broad vegetation classes such as woodland, scrub, and grassland, ignoring
distinctions in California vegetation such as chamise chaparral (essentially a non-emitting
vegetation class) versus sagebrush scrub (a high monoterpene-emitting class). For these
reasons, and after consultation with ARB staff, we elected to base the present study of

vegetation coverage in natural areas in San Diego County on the GAP database.
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521 Previous GAP Validation Studies for San Diego County

In a recent study, Stoms (1996) used San Diego County’s Multi-Species
Conservation Program (MSCP) map to validate the GAP database for a 2,240 km’ study
region in southwestern San Diego County. The MSCP map incorporated color infrared
photos, helicopter overflights, and SPOT-TM satellite imagery to create a 1:24,000 scale,
1 ha MMU GIS map with polygons categorized by the Holland vegetation classification.
Although the MSCP map does not provide species-specific data for each polygon, the
maplet does provide a small area map with a smaller minimum mapping unit useful for
some levels of assessment. This validation (Stoms 1996) focused on the assessment of
polygons for broad community types (annual grassland, coastal scrub, valley-foothill
hardwood, etc.) rather than at a species-specific level and excluded vegetation
communities in eastern and northern portions of San Diego County such as oak
woodlands and all forests. Although the Stoms (1996) study was not performed for
purposes related to BHC emission inventory development, Stoms’ method of using small
area maplets to validate large area maplets has the potential to be useful as a coarse filter

for the GAP database.

53  GAP Analysis Program Database
As noted earlier, developing a spatially-resolved BHC emissions inventory

incorporating distinctions between plant species requires a database of species- or genus-
specific emission rates and leaf-mass constants, and a spatial database composed of land
cover or land use classifications describing plant species and distributions. With the
proposal of a taxonomic methodology for assigning isoprene and monoterpene emission
rates to unmeasured plant species (Benjamin et al. 1996), emission rates can in principle
be estimated for many of the 6,000 plant species in California in the absence of direct
experimental measurements. As emission rates for additional species are measured (as
part of the present project, for example), this taxonomic methodology can become an
even more effective tool for assigning BHC emission rates to plant species with unknown
rates. As discussed earlier, the development of the GAP database established a plant
species-specific GIS database for all of California (Davis et al. 1995). These recent
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developments facilitate the generation of BHC emissions inventories which incorporate
plant species distinctions within various land covers and land uses.

The Gap Analysis Program’s purpose was to identify the distribution and
management status of selected components of biodiversity and was coordinated by the
US Fish and Wildlife Service and the National Biological Service. The main goal of this
program was to prevent additional species from being listed as threatened or endangered.
This nationwide program involved over 200 collaborating organizations including private
businesses, special interest groups, and universities, as well as governments on the local,
state, and federal levels. In California, the project was managed by the Department of
Geography at the University of California at Santa Barbara (UCSB).

The central tool generated by this program was the GAP database, an ARC/INFO
GIS database with plant species and vegetation class attributes associated with polygons
or areas within a defined geographic region. This database was generated from summer
1990 Landsat Thematic Mapper satellite imagery, 1990 high altitude color infrared
photography, VIM surveys based on field surveys conducted between 1928 and 1940,
and miscellaneous vegetation maps and ground surveys (Davis et al. 1995). Polygons
were delimited based on climate, physiography, substrate, and disturbance regime.
Landscape boundaries were subjectively determined through photointerpretation by
expert personnel so that between-polygon variation was greater than within-polygon
variation. The final result was a vegetation map with a 100 hectare minimum mapping
unit and a 1:100,000 mapping scale (Davis et al. 1995).

Species data were obtained from field surveys, air photos, VIM surveys, and soil-
vegetation maps. For each polygon in the database, one primary and one secondary
vegetation assemblage was listed (see Table 5-1 for a glossary of GAP-related terms).
Each assemblage consisted of one dominant and up to two co-dominant overstory
species, each covering a minimum of 20% of the relative cover of the assemblage. The
primary assemblage is the assemblage covering the majority of the polygon, and the
secondary assemblage is the assemblage covering the remainder of the polygon. Relative
cover is the proportion of total vegetation cover occupied by a given plant species, and
excludes vegetation purposely excluded, such as plants below a pre-established height
and bare ground. Although the term “overstory’ ’ is traditionally defined as “taller plants
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Table 5-1. Glossary of GAP-Related Terms

Areal cover of a given species
Areal cover of all vegetation

Relative Cover

Crown Closure = Total cover by all overstory species
Co-Dominant = A species that covers 20% or greater relative cover
Overstory = Vegetation that can be viewed from above

Minimum Mapping Unit = Smallest area that can be distinguished from a given map;
100 ha in this study

Species Assemblage = A grouping of plant species in an area (plant species do not
necessarily have an ecological relationship as plants do in a
community)

in a vegetation type that form the uppermost canopy layer” (Hunter and Paysen 1987), the
GAP database often referred to plants of different heights within an assemblage, such as
manzanitas and oaks, as dominants and co-dominants. Thus, overstory in the GAP
database refers to those plants viewable directly from above.

For the purpose of the present study, no distinction was made between dominant
and co-dominant species. Thus, the term “co-dominant” in the present study was used to
refer to both dominant and co-dominant species listed in the GAP database. In addition,
the GAP database listed plant community classifications with respect to each species
assemblage and the degree of crown closure and the percent crown cover of each
assemblage in the polygon.

In summary, the GAP database was chosen for examination in the present study
for three reasons. First, the database describes which species are found in defined areas
and provides data on the relative abundance of the species in terms of relative percent
cover and total crown cover. Second, the database has a large geographic extent,
covering all of California and many other states, with the goal of developing similar

databases for all 50 states. Third, the GAP database is in a standard, vector GIS format
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(ARC/INFO), allowing for easy manipulation and analysis on a microcomputer through
the use of GIS software, spreadsheets, and database programs.

54  Assessment Methodology
Assessment of the agreement of the GAP database with field survey observations

is a prerequisite to its use in developing species-based BHC emissions inventories for
California. The assessment protocol developed in the present study was designed to
assess the accuracy of the GAP database in predicting the distribution and identity of
plant species in a given location, particularly BHC-emitting species, and in providing a
quantitative description of plant species assemblages. The present research focused on
obtaining “ground-truth” data through field vegetation surveys at selected sites. As noted
earlier, the region selected for the field surveys was San Diego County, in support of
ARB’s proposed development of a BHC emissions inventory for the SCOS97 study
domain (Benjamin et al. 1998). Of the airsheds in the SCOS97 domain, San Diego
County’s BHC inventory is perhaps the least reliably understood, and the results of the
present study have immediate applicability in developing a BHC emissions inventory for

San Diego County.

5.4.1 Acquisition and Preparation of the GAP database
The GAP database for the southwest ecoregion was downloaded in August of

1997 from http://www.biogeog.ucsb.edu/projects/gap/gap_data.html, the UCSB
Department of Geography’s internet site. The southwest ecoregion covers all or portions
of Santa Barbara, Ventura, Kemn, Los Angeles, San Bernardino, Orange, Riverside, and
San Diego Counties. The southwest ecoregion contains the western two-thirds of San
Diego County. The remaining eastern third of San Diego County is located in the
Sonoran ecoregion, which was not downloaded for use in the present study, because it is
Jocated far from the major urbanized centers of San Diego County, and because the
ecoregion is composed mostly of deserts with little biomass.

The database was downloaded as an ARC/INFO coverage with an Albers equal-
area projection. Because most of the data manipulation would be conducted in ArcView

3.0a, the ARC/INFO coverage was converted into ArcView format with a geographic
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projection. From the 2014 original polygons for the southwest ecoregion, the San Diego

County subset of 437 polygons was extracted.

5.42 Vegetation Survey Protocol
The vegetation survey protocol for a sample element was initially based on

recommendations for a GAP database validation study made by Stoms et al. (1994) who
suggested using 1 square kilometer units. Because the GAP database is a large-area land
cover map, the suggested large size of the sample element avoids the problem of
overlooking heterogeneity below the intended resolution of the map. Large elements also
minimize site selection bias. Within large sample elements, the sampling will take the
surveyor into less accessible areas, avoiding bias arising out of convenience. Stoms et al.
(1994) further noted the relevance of other issues affecting vegetation surveying such as
the need to obtain legal access from private land-owners, safety, and proximity of the
selection of sample elements to roads. These logistical constraints may hamper the
application of a protocol, but any protocol must be practiced within such constraints. The
specific shape of the vegetation survey unit was left unresolved by Stoms et al. (1994).

The initial protocol for the present study based on the recommendations of Stoms et al.
(1994) was developed by Karlik and Winer (1997) with input from appropriate UCLA
faculty, namely Dr. Richard Ambrose, a specialist in applied ecology and Dr. Johannes
Feddema, a geographer with a strong background in GIS. The proposed protocol
involved surveying one sample element per polygon from 10 polygons in the naturally
vegetated areas of San Diego County (Table 5-2). Each sample element consisted of two
perpendicular 1000 meter long, 20 meter wide belt transects running north to south and
east to west, respectively. The point of bisection of the two elements was termed the
centerpoint. Essentially, transects were to be run north, south, east, and west of the
centerpoint for 500 m. It was proposed surveyors would walk in a direction away from
the centerpoint and record vegetation data 10 meters on each side of the transect
centerline. For every shrub or tree whose stem grew from within the belt transect, the
surveyor would measure the crown height and two crown diameters perpendicular to each
other. The two perpendicular diameters can be used to estimate the areal coverage of the

crown using the formula, crown cover = n(D?)/4. The crown height in conjunction with
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Table 5-2.  Evolution of the survey protocol for estimating plant species composition
and dominance in GAP database polygons for the purpose of generating an inventory of
biogenic hydrocarbons emissions.

Protocol Elements Center Plot  Transect Transect  Transect Width
per Polygon Size Type Length
Original 1 50mx50m belt 1000 m 20m
Revision 1 3 30mx30m belt 500m 10m
Revision 2 3 no plot belt 500 m 6m
Revision 3 4 no plot line 300 m -

IRevision 3 was added specifically to survey shrubby habitat such as coastal sage scrub
and chaparral.

the areal cover allows the calculation of the volume of the crown, which can be used to
estimate green leaf biomass in developing a BHC emissions inventory. For bushes and
smaller trees, crown height would be measured with a tape measure. For large trees, the
protocol called for the crown height to be measured using a clinometer which measured
the height as a percentage of the distance of the observer from the tree. The diameter at
breast height was also to be measured for trees, for later use in developing a linear
regression model between crown volume and diameter at breast height. In this initial
protocol, vegetation data were also to be recorded within 2 50 m x 50 m plot at the
centerpoint.

Preliminary surveys in Central Valley blue oak savanna and woodlands to
evaluate the original proposed protocol (see Section 6.0) resulted in revision 1 shown in
Table 5-2. In the preliminary survey, two individuals working at the savanna location
took § hours to set up the central plots and record the plot data, and 12 hours to record
data along the transects. For two individuals at the blue oak woodlands location, it took 8
hours to set up the central plot and record data in the plots. Thus, the length and width of
the transects and the size of the center sample plots were judged too great even for
sparsely vegetated savannas and woodlands. As seen in Table 5-2, the transect length and
width were shortened to 500 m and 10 m, respectively, and the center sample plot was
reduced to 30 m on a side. The size of a square parcel of land needed to contain this

sample element was 25 hectares or 62.5 acres. It was clear the labor needed for more
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densely vegetated areas (e.g., forests and chaparral) would have been excessive without
these changes. Shortening the transect length also facilitated gaining permission to
access properties covering an entire sample element. Because of the possibility a large
element would cross several properties, successful completion of the element would be
hindered if even one property owner denied access. To compensate for the shortening of
the transects, the number of elements per polygon was increased from one to three,
allowing sampling of other portions of a polygon to detect heterogeneity in vegetation
composition and dominance within the polygon.

An additional trial survey in a pine-oak forest in Rancho Cuyamaca State Park in
San Diego County resulted in a second revision of the proposed GAP survey protocol.
For two individuals, it took approximately 24 hours over four days to complete the
sample element. This pine-oak forest was much denser than the oak woodlands in the
Central Valley and measuring the plants to 5 meters on each side of a transect’s centerline
was extremely time-consuming. Accordingly, the width of the transect was decreased to
6 m (3 m on each side of the centerline). Other researchers have encountered similar
limitations and decreased the width of their transects to 6 m to make the mechanics of
sampling easier while not significantly compromising accuracy (Lindsey 1955). Since
the area covered by the transects was 6000 m” while the sample plot covered only 900 m’*
at the intersection of the transects, the time and effort required to set up the plots and
gather data within them was judged excessive relative to the small amount of additional
data obtained. Thus, the center sample plots were removed from the protocol in the
second revision (Table 5-2).

For the densely vegetated scrub and chaparral communities, a different type of
sample element was used. Bauer (1943) compared line transect sampling versus plot
sampling in chaparral. Line transect sampling estimates the areal coverage of species by
measuring the length of a measuring tape occupied by a plant species. The fraction of the
measuring tape intersected by the plant species represents its areal coverage (also as a
fraction). Bauer (1943) showed data gathered from the line transects were comparable to
3 meter plots of equivalent length, especially for the more common chaparral species.
However, the time it took for two individuals to perform the line transects for 270 meters
was only 3 hours compared to 160 hours for plots totaling 270 m x 3 m (Bauer 1943).
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Although Bauer recommended line transects for dense chaparral vegetation, line transects
have also been recommended or have been used for sage scrub to estimate areal coverage
(Kent and Coker 1992, Zippin and Vanderwier 1994).

Preliminary line transects were performed in a chaparral community using a 50 m
tape. Like the belt transects, the line transects were run north, south, east, and west of the
centerpoint. Chaparral at times was impenetrable and much time was spent maneuvering
through the plants, often crawling on hands and knees. Because of these difficulties, the
transects for chaparral and sage scrub communities were further shortened to 150 m in
each direction in the final revision to the sampling protocol (Table 5-2). The size of a
square parcel of land needed to contain the final sample element was 22.5 acres. To
compensate for shortening the transect length, a fourth sample element was added for
such polygons to better assess any vegetation heterogeneity.

In these line transects, the number of 0.1 m segments occupied by a plant species
along the meter tape was recorded. In situations where two different species occupied the
length along the meter tape, the topmost or overstory plant was recorded. In chaparral
and scrub, understory plants were not common and ignoring such species had little effect
on the final results. For each plant, the net height of each crown was recorded to the
nearest 0.1 m. The crowns were envisioned as rectangular prisms and measured as such.

The survey team located the centerpoint of a particular sample element using a
global positioning receiver (GPS) locked onto the universal transmercator (UTM)
coordinates gathered from the GAP database and the ArcView GIS program. A Garmin
12XL handheld GPS unit, with an accuracy of + 100 m 99% of the time, was employed.
At the centerpoint, photographs were taken facing north, east, south, and west to visually
record the vegetation type. The survey team then recorded the species identity and
recorded data depending on the type of transect being performed, as described above.
The identities of unusual trees and shrub species were noted even if they were outside the
confines of the transect. For forested polygons (areas where crowns of trees interlocked),
only data from plants greater than waist height were recorded. For woodland polygons
(areas where crowns of trees did not interlock), only plants greater than knee height were
recorded. For scrub and chaparral, all plant species except for understory species and

grasses were recorded. All plants were identified in the field, and samples of
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unidentifiable plants were taken to Dr. Barry Prigge, the herbarium curator at UCLA, for

identification.

5.4.3 Selection of Polygons from the GAP Database
Polygons were chosen for potential inclusion in the present study based on an

index estimating isoprene

E
I,=42| p* (5-1)

or monoterpene emissions by polygon for comparison on a relative basis.

i iEM
Lu=42) P — (5-2)

where

I, = isoprene emission index

I,, = monoterpene emission index

E, = emission rate for species i in (ug isoprene) * (g dry foliar mass)" * (h™)

E,, = emission rate for species i in (g monoterpene) * (g dry foliar mass)” * (h)
n = number of species in an assemblage

p = per cent cover of the assemblage

m = number of assemblages in the polygon

A = area of the polygon

Polygons were ranked by the isoprene emission index, and the 40 polygons
estimated to have the highest isoprene fluxes were selected for further consideration
(Figure 5-1). Polygons were also ranked by the monoterpene emission index and the 40
polygons estimated to have the highest monoterpene emissions were selected for further
consideration (Figure 5-2). Selection of polygons based on these indices allowed the
GAP field validation to focus on those polygons estimated to have the largest biogenic
hydrocarbons emissions based on the presence of high-emitting plant species and their
areal coverage within a polygon.

Further considerations for selecting from among the eighty polygons with the

highest BHC emissions involved an iterative process accounting for representativeness
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and feasibility. In considering representativeness, polygons were selected to provide
roughly equal numbers with woodland/forest vegetation and scrub/chaparral vegetation,
the two main classes of natural vegetation in San Diego County.  Another
representativeness consideration was to select polygons spread throughout all geographic
regions of the county except the desert regions.

In considering feasibility, physical access and permission to survey vegetation on
private or military property were important. Using county and topographic maps,
polygons were included for further consideration based on accessibility of large portions
of the polygon from roads. The likelihood of acquiring permission to access portions of
the polygon also determined whether the polygon was included. Polygons with a large
public land component (e.g., California State Parks, San Diego County Parks, United
States National Forest, Bureau of Land Management, and local parks) were favored due
to the relative ease of gaining permission to conduct surveys on such properties compared
to privately-owned properties.

As discussed earlier, the minimum area needed to survey a sample element within
a polygon was determined to be 62.5 acres for forests and woodlands and 22.5 acres for
scrub and chaparral, and owners of parcels of land of these sizes within selected polygons
were identified using information from the San Diego County assessor’s records. A letter
was prepared requesting permission to conduct a vegetation survey, stating the goals of
the research, and enclosing a form to be returned offering or denying access. Out of 69
mailers, 10 owners agreed to participate in the study, 15 declined and the rest were non-
responders, for a success rate of about 14%. Those polygons with a large private
response and/or a large public land component were included for further consideration.

Based on these criteria and the time and resources available for this research, eight
polygons were selected for the present study. Four polygons consisted primarily of
woodland/forest vegetation, and four polygons consisted primarily of shrub/chaparral
vegetation (Table 5-3). Of these eight polygons, five were estimated to be dominated by
isoprene emissions, two were estimated to be dominated by monoterpene emissions, and
one exhibited both high isoprene and high monoterpene emissions. Table 5-3 lists data
for each of these eight polygons according to the GAP database, including the expected
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species assemblages, cover by each assemblage and crown closure, and the Holland
natural communities classification code. In addition, Table 5-3 lists the polygon rank by
the isoprene or monoterpene emission index. Figure 5-3 shows the location of the

polygons investigated in the present study.

5.4.4 Selection of Sample Elements Within a Polygon
After a polygon was chosen by the process described above, sample elements

were chosen. The centerpoints of the elements were located so all transects were at least
100 meters away from the polygon boundary. If permission was obtained to access most
of the polygon, sample elements were selected by overlaying a 500 meter UTM grid on
the polygon, assigning sequential numbers to every grid element within 1 km of a road,
and randomly selecting the needed number of 500 meter grid elements. This method was
similar to the one employed in the Utah GAP validation project (Edwards et al., 1995).
Only for four polygons was enough area accessible by roads or was sufficient permission
obtained for this process. For the other four polygons, large portions of the polygon were
physically or legally inaccessible, and sample elements were chosen from within the
accessible areas. To minimize bias in site selection for these four polygons, the final
selection of sample elements was decided before entry into the polygon. In several cases,
suitable survey sites were not available within the vicinity of a road, so hikes of up to two

hours along a trail were needed to reach the desired area within the polygon.

5.4.5 Data Acquisition
Data were acquired using the survey protocol outlined in Section 5.4.1. Within

survey elements dominated by trees, two individuals conducted the survey along belt
transects. One measured the crown radii, diameter at breast height, and crown height of
shrubs (plants with more than one stem), while the other measured the crown height of
trees (plants with one stem) and recorded the field data. Crown radii in trees were
measured with 2 10 m tape measure in four directions (north, south, east, and west). For
shrubs, two diameters perpendicular to each other were measured. Readings were taken
to the nearest tenth of a meter. Diameter at breast height was approximated from

measurements of the circumference at breast height to two significant digits. The crown
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height was obtained from a clinometer. From a distance of approximately 10-20 meters,
the observer measured the distance from the tree to the observer to the nearest meter
using an optical rangefinder. With a clinometer, the observer determined the crown
height as a percentage of the observer’s distance away from the tree.

For belt transects, the surveyors walked 250 m north, south, east, or west away
from the centerpoint, using a magnetic compass to maintain course. All vegetation within
the belt transects above waist height in forests and above knee height in woodlands were
identified and measured. From the centerpoint, photographs were taken facing each of
the four directions and regularly along the transect to visually record the vegetation.
When a densely vegetated and nearly impenetrable thicket was encountered, the
vegetation composition was visually approximated in lieu of direct quantitative
measurement, and the average height of the thicket was measured. Dense thickets
represented a small portion of forested areas, so any error from approximating species
present would not affect the overall results. Samples from species unidentifiable in the
field were collected and later identified using taxonomy books or with the help of the
UCLA herbarium curator. Most of the survey elements in forests and woodlands were
accessible immediately from roads. Completion of surveys in these elements required
from less than a day in some of the sparser woodlands to two days in the denser forests.

Within survey elements dominated by scrub or chaparral, one individual
conducted the survey. Because line transects were used to gather data, only three types of
measurements were taken. Along a 50 m tape, the identity of the topmost plant species
directly over the meter tape was determined, the number of 0.1 m segments occupied by
that plant species was recorded, and the height of the crown was measured for each
individual plant to the nearest 0.1 m. The crowns were envisioned as rectangular prisms
and measured as such.

The 150 m transects running north, south, east, and west from the centerpoint
were completed using 50 m segments. The laying of each 50 m segment involved
securing one end of the tape into the ground using a metal rod, extension of the tape along
a defined direction with guidance from a magnetic compass, securing the other end, and
then returning to the start of the tape to begin identifying and measuring plants lying over

the line transect. This process was repeated three times for each of the north, south, east,
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and west transects. From the centerpoint, photographs were taken facing each of the four
directions, and also regularly along the transect to visually record the vegetation.

Although vegetation coverage for dense, impenetrable thickets within forests
could be estimated by visual approximation, this was not an option for surveying
vegetation in chaparral. In chaparral, the entire sample element could be considered
impenetrable and visual approximation in lieu of direct measurement would not yield any
quantitative data. Therefore, it was necessary to move through dense “impenetrable”
vegetation as best as possible. For example, the laying of a 50 m tape in chaparral
involved much crawling, climbing, and contorting. In some cases, dead branches of
neighboring plants along the tape were broken in order to provide space to move. Coastal
sage scrub was less dense and did not involve as much crawling and contorting.

Survey elements in chaparral and scrub were also less accessible from roads.
Areas accessible from roads often were owned by private individuals who were not
willing to participate in the study. Consequently, hikes of up to two hours were
sometimes required to reach a desired survey element area. The completion of 600 m of
line transects in chaparral took an additional two days on average. Coastal sage scrub

was less dense and could be completed within one day to one and a half days.

5.4.6 Data Analysis

As noted earlier, the GAP GIS database provides semi-quantitative information on
the abundance and distribution of plant species. For each polygon, the GAP database
lists species assemblages and the estimated percent cover (p) of that assemblage within a
polygon. Each species in a listed assemblage is a co-dominant, providing > 20% relative
cover. Relative cover is the proportion of total vegetation cover occupied by a species,
and excludes bare ground and vegetation below a pre-established height. The expected
relative cover of a species listed in the GAP database for a polygon is then > 0.2p. For
example, in polygon F1, Quercus agrifolia is a co-dominant in an assemblage that
provides 60-70% cover. Using a mean value of 65% for the cover for a species with

>20% relative cover, one can expect > 13% of the polygon to be covered by Quercus

agrifolia.

5-21



The relative cover of plant species inferred from the GAP database by this
procedure was compared with the observational data gathered from the surveys in the
eight selected polygons. From the field-collected cover data, the mean relative cover and
the upper limit of the two standard error (SE) confidence interval were calculated for each
species within a polygon. First, the relative cover of each species within each sample
element of a polygon was calculated. Within samplé elements surveyed with belt
transects, relative cover for a given species was determined by dividing the total cover of
overstory plants of that species by the total area of all the overstory plants within the belt
transects in that sample element. Within sample elements surveyed with line transects,
relative cover for a given species within each sample element was determined by dividing
the total length of line transect occupied by overstory plants of that species by the total
length of the line transect occupied by all overstory plants in that sample element. From
the species relative cover for each sample element, the mean relative cover and upper
limit of the two SE confidence interval was calculated, corresponding to an 85%
confidence interval (McClave and Dietrich 1985).

The traditional 95% confidence interval based on the t-statistic was considered,
but not used. The confidence intervals calculated from a t-statistic for some uncommon
plants were exceedingly high due to the small degrees of freedom resulting from using 3
or 4 sample elements per polygon. Views from a panoramic point within the polygon or
observations during hikes to the sample element suggested such shrubs were not common
enough to warrant co-dominant designation. The two SE confidence interval was used
instead as a more conservative standard for comparison between observational data and
the GAP database.

If the upper limit of the two SE interval for the relative cover of a species
observed in the field survey was greater than its predicted relative cover from GAP, then
the species was considered a “correct” listing in the GAP database as a co-dominant.
However, if the upper limit of the uncertainty interval for the relative cover of a measured
species was less than its GAP-predicted relative cover, then the species was considered an
“incorrect” listing as a co-dominant in the GAP database. An observed species not listed
by GAP as a co-dominant was considered a “potential” co-dominant if the upper limit of

the uncertainty interval was greater than the predicted relative cover value of any co-
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dominant in the secondary assemblage in that polygon. For example, in polygon F1, the
smallest predicted relative cover is that of a co-dominant in the secondary assemblage
which provides 30-40% cover for that polygon. Using a mean value of 35% for the
secondary assemblage in polygon F1 and a relative cover value of = 20% for a co-
dominant, then > 7% of the polygon is expected to be covered by a co-dominant of a
secondary assemblage in polygon F1. Any plant species observed in polygon F1 with a
relative cover = 7% was considered a potential co-dominant in that polygon.

Crown closure from the GAP database was also compared to the field data.
Crown closure is equivalent to the percent coverage by all overstory plants within a
polygon divided by the area of the polygon. For belt transects, the coverage of all
overstory plants was determined by dividing total areal coverage of all overstory plants
by the total area of the belt transect. For line transects, the coverage of all overstory
plants was determined by dividing total line coverage of all overstory plants by the total
length of the line transect. A confidence interval within two standard errors was
calculated from these data and compared with the data predicted from the GAP database.

Crown volume was estimated for each polygon from the collected data. Estimates
for volumes from field data have no comparable equivalent in the GAP database, because
the GAP database provides only information on species identity and areal cover. Crown
height data gathered from the field surveys were used in estimating crown volumes. For
the belt transects, the volume of the crowns of each species was calculated assuming a
parabolic crown geometry. In a separate study within the project, a parabolic crown
geometry was shown to give calculated crown masses within 50% of the experimentally-
derived crown mass for most cases (See Section 4.0 and Karlik and Winer 1998). The
volume of a parabolic crown is half the volume occupied by a cylinder enclosing the
crown or 0.5(n)r’h, where 1 is the crown radius and h is the crown height. The total
crown volume for each species within all the elements of a polygon was calculated.
Assuming the rest of the polygon resembled the sample elements in terms of species
composition, the crown volume for each species within the sample eclements was
extrapolated to the polygon area by multiplying by the ratio of (area of the polygon)/(area
of the all belt transects in the polygon).

5-23



For the line transects for the scrub or chaparral communities, individual crown
volumes were not calculated. Unlike the belt transects which measured area and height,
the line transects measured only length and height. Because volume calculations require
areal and height data, the direct calculation of a crown volume was not possible from the
line transect data. However, a species’ percent occupation of the line transects
approximated the species’ absolute percent cover. Assuming the rest of the polygon
resembled the sample elements in terms of species composition, the areal cover of each
species within the polygon was estimated as the product of a given species’ percent
occupation of the line transect times the polygon area. This species areal coverage within
a polygon multiplied by the average crown height of that species gave the crown volume
of that species within a polygon. The crown volumes were then adjusted for a parabolic
geometry by multiplying the result by 0.5. Within a polygon, average crown height was
determined by summing the height of a species within each 0.1 m segment and dividing
by the total number of 0.1 m segments occupied by the plant species.

5.5 Results

5.5.1 Species Compeosition and Abundance Within GAP Polygons
Table 5-4 summarizes the overall data results, listing the 10 most abundant

species observed for each polygon, the percent composition predicted from the GAP
database, the percent composition determined by the field surveys, and the upper limits of
a two SE interval of the percent composition. Because GAP focused on overstory
vegetation and because overstory plants represented most of the relative cover, Table 5-4
lists data only for the overstory plants of a given species. In polygons F1, F2, W1, and
W2 (the wooded and forested polygons), overstory plants accounted for 88%, 91%, 92%,
and 87% of the relative crown cover, respectively, according to our data. In the polygons
dominated by scrub and chaparral, there was little or no understory.

Most of the relative cover was attributable to a few species. For all polygons, the
ten most abundant species were responsible for over 90% of the relative cover (Table 5-
4). Of the ten most abundant species observed for each polygon, many of them were
listed as co-dominants by the GAP database. For polygons F1, F2, W1, W2, Cl, C2, Si,
and S2, GAP co-dominants provided 64%, 65%, 76%, 85%, 78%, 59%, 69%, and 75% of

5-24



5-25

s8 SJUBUTHION-0T) VD 59 SIUBUTWOP-07) VD
66 01 dog 66 01dog
1 S0 - nyavad vluvn - 00 62 142]RUL-SRYBUI0D SHOIINQ) ,
i 1) L< sapropntaq snduv2odaa)) [ Z - DIoIuUaPLYy DISHUINLY
1 L0 - pup1dp DIAJDS L 7 - 1213urd sopdydoisoraay
€ 1 L2 wWnono12Snf DUIOISOUIP Y 9 7 - 1188243 snyjouva’)
14 ré L=< psojnpup}3 so)fydpisooy 6 y - Leafnoo snutf
9 z - 210y smyg Al S 62 wWnpNI12SDf DIOISOUIPY
9 £ 13 D110f1430 sno.uand} ¥l L 62 saprongaq sndip200.427)
Lz 01 - DYOfip1iaq.aq snoiangy 9z 11 - wawipod snyjouva))
oF Ll £l < 13302y snoaangy €T €1 - pijofipriagq.aq snaang
171 79 19 B nuuvwadus snoang  TM 6¢ 81 =z aaffof snury
9L SJUBUTILOP-0D) VD LE 4 1= u3oypay snosand 7
66 o1 dog, ¥9 SIUBUTWIOP-0D) VD
- 00 L= D}0fIp142Q4aq SnI43N0) , 66 o1 doL
z 0 L= SHUIBPOING] SNYI0UDI)), - 00 L= DUDILIAQUID] SRUL]
€ I - pIDqOLIY Sy 1 I - NUBZYSIM SRoIINE)
S rd - 2.p3nA wmqnunyy 9 € - saplojnjaq sndipd03.437)
£ ré €1 nddoppay snosongd L ¥ Lz SUALINDBP SNAPIIOID)
¥ ré - sijjout sodavorioydiudg 11 9 - DI]0fipLiaq.Laq sna4andy
11 ¥ - wnyomarasof wnuo3orssy 81 9 L2 1431noo snulg
71 ¥ - pupidy vinjpg Ll L - suadund sojdydpisojoy
ST 8 L2 wWRIDNNISDS DWMOISOUIPY 74 11 9 pY0f1i8D snaiang
LT o1 - psonpund soldydpiso1oey 97 61 €12 u33op)2y snaiangd
187 97 g1 < D10f1430 snaLang) Ly 61 - aaffal smuag
96 6€ €1= nuupbpaIua snodangd T M 0L €T €12 sidajosdayo snadangy 14
() (%) (%) (s) (%) (%)
(ASZ +5) 10a0) 12A0)) sa1osdg uodLjog (S 7 +5) 1240) 19400 satadg uo8A[0d

pordwies  pajaipalg pordweg  payrparg

"suodAjod gy pajos)as Ul paatasqo saroads jued juepunge 1sow 1 91} Jo uonisodwod J9A00 §3193ds paInses|y 'p-S Qe



‘uo3Ajod St 30 paaiesqo sa1vads (] doy sy wl payuer
10U JNq ‘JUBUTIIOP-0 B S8 25eqejep Jy0) oU) Ul pajst} sa10adg

SL SJUBUIIOP-0D) dVD
¥6 o1 dog,
€ T - -ds wniypo
v z - ‘ds smpnuapy
9 € - sn1updoas snjoy
L £ - wWnIInNISYS wnuo3oidy
01 ¥ - STIDIRISDf SRUDYIOIDIDWY
Tl 4 £< supinpd suoyadng
Sl 9 - vyjofiBapuy snyy
¥ 14t LIz DULIND] DUSODIY
| £3 9 LI< paafijjous MIAIDS
89 8 LI < DITULOfjDD DISIUBILY TS
69 SJuRUTIOP-0D dVO
96 01 dog,
- 00 L= SHIDIPaIOS SNYIOUDa))
T 1 - S3PI04YIO4DS SIIDYOIODY
1 1 19 R puv1dp pIA[DS
€ I L=< D110fip1iaqiaq snoiang)
8 € - p.3fijjaui DIAIDS
01 € - smypup3i10 snyrouva))
Al 9 - {0]021q sn22030)AY
74 4 - DULIND] DWSO[DIY
£€ 0z 12 DOWUIOfIIDD DISIUa)LY
2374 12 L< EEE:U.G.E\ DUIOJSOUIPY
of 97 £1< wmpmopsof wnuodonsg 1S
() (%) (%)
(S 7+8) 140D 12400 saroadg uoB4joq
paidwes  pajorpaid

65 sjuBmWop-0) JvD
¥6 01 doy,
1 1 L12 SIWLIAPOON3] SHYIoUDI)) ,
¥ z psopnpup)8 soydvisody
S z snyundo sniytoupas)
L z WNSoWnp WNIPLiodu)
L 'y €2 1882.48 snyjouna)
L 14 DIDAO SR
6 4 DULIND] DUSOIDIY
9 [ L12 D110fip143G.12q snaLang)
S| 8 wnipma1sof wnuo3orsy
ST €1 40]021G $n22000}AY
€L 1< L1< WRIDIRNOSDf DWOISOUPY T
8L Sjuelnuop-03 4vH
¥6 01 doy,
- 00 6< Ysmugyong .,
I vo 1z SIULIDPOINI] SHYIOUDID ,
Z 1 - punydp piAjpg
[4 1 - paygnuapruny
z 1 - vifofioi snunid
v r4 62 Sap10J1t1aq SNAIDI0I4D))
¥ ya - DIOfINGD S2[2UO043I3F]
v 4 - SnijofiSsSD4D SNYIOUBI))
Al ¥ - nuupuadus Sno4eng)
S1 S - wmpmatospf wnuoZos
s 9¢ 63 wnoInasnf puolsouapy
L9 6¢ 1< DIofipLiaqeaq snaieng 1D
(5) (%) (%)
(S 7 +5) 18400 12A0D satoadg uodKjod
pojdweg  pajorpald

(psnunuo)) *p-g jqe],

5-26



the observed relative cover, respectively. In general, the GAP co-dominants provided
roughly two-thirds to three-quarters of the relative cover observed in the field surveys.

The observed relative cover of some co-dominants in GAP polygons often
substantially exceeded the predicted values for both forest/woodland and chaparral/scrub
polygons (Table 5-4). For example, in polygon F2, Quercus kelloggi provided 34% of
the relative cover when > 11% was predicted, and in polygon W1, Q. engelmannii
provided 39% of the relative cover when 2 13% was predicted. In polygon C1, Q.
berberidifolia and Adenostoma fasciculatum provided 39% and 36% of the relative cover,
respectively, when > 11% and > 9% were predicted by the GAP database. In polygon S1,
Eriogonum fasciculatum provided 26% of the relative cover when > 13% was predicted.
Clearly, although a lower limit for species relative cover can be inferred from the data
provided by the GAP database, the GAP database does not provide an upper limit for
species relative cover.

Table 5-5 shows the number of species listed as GAP co-dominants which agreed
with field observations, the species listed as co-dominants which were not observed in
significant amounts in our field surveys for a particular polygon, and species that could
have been listed as a co-dominant within each of the polygons studied. As stated before,
those species whose observed composition was within 2 standard errors of the predicted
percent composition were considered potential co-dominants within the polygon.

For all the polygons listed in Table 5-5, 59% of the GAP co-dominants were
observed in the field survey in large enough proportions in the polygons to justify their
co-dominant designation. Of the species listed as co-dominants in the primary
assemblages, this percentage increased to 73%. Conversely, for species listed as co-
dominants within the secondary assemblages of the GAP database, only 45% were
observed in the field survey with sufficient abundance to match the predictions.

The “correct” listing of GAP co-dominants was more common in forested or
wooded polygons. Within such polygons, 61% of the GAP co-dominants were observed
in large enough proportions in the polygons to justify their co-dominant designation.
Among primary and secondary assemblage co-dominants within forested or wooded

polygons, this percentage was 82% and 42%, respectively.
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Table 5-5.  Species listed correctly and incorrectly as co-dominants within surveyed
GAP polygon ordered by decreasing mean relative cover.
Polygon GAP Species Observed in GAP Species Not Observed in Potential
Significantly Large Quantities Significantly Large Quantities Co-Dominants
Fl1  Quercus chrysolepis (p) Pinus lambertiana (s) Pinus jeffrevi*
Quercus kelloggii (p) Arctostaphylos pungens
Quercus agrifolia (p) Quercus berberidifolia*
Pinus coulteri (s)
Calocedrus decurrens (s)
F2  Quercus kelloggii (p) Quercus cornelius-mulleri (s) Quercus berberidifolia
Pinus jeffreyi (p) Ceanothus palmeri*

Cercocarpus betuloides (s)
Adenostoma fasciculatum (s)

Pinus coulteri

W1 Quercus engelmannii (p) Quercus kelloggii (p) Arctostaphylos glandulosa*
Quercus agrifolia (p) Ceanothus leucodermis (s)  Eriogonum fasciculatum*
Adenostoma fasciculatum (s) Quercus berberidifolia (s) Salvia apiana*

W2  Quercus engelmannii (p) Quercus agrifolia (p) Quercus berberidifolia*
Quercus kelloggii (p) Adenostoma fasciculatum (s)

Arctostaphylos tomentosa (s)
Cercocarpus betuloides (s)

C1  Quercus berberidifolia (p) Cercocarpus betuloides (s)  Eriogonum fasciculatum*

Adenastoma fasciculatum (s) Ceanothus leucodermis (p)  Quercus engelmannii*
Buckbrush (s)
C2  Adenostoma fasciculatum (p) Quercus berberidifolia (p)  Xylococcus bicolor*
Ceanothus greggii (s) Ceanothus leucodermis (p)  Eriogonum fasciculatum*
Arctostaphylos pungens (s)  Malosma lavrina®
Rhus ovata
Cneoridium dumosum
Ceanothus oliganthus
Arctostaphylos glandulosa*
S1  Eriogonum fasciculatum (p) Quercus berberidifolia (s) Malosma laurina
Adenostoma fasciculatum (p) Salvia apiana (p) Xylococcus bicolor*
Artemisia californica (s) Ceanothus sorediatus (s) Salvia mellifera
Ceanothus oliganthus
S2  Artemisia californica (p) - Rhus integrifolia

Salvia meliifera (p)
Malosma laurina (p)
Baccharis pilularis (s)

Avena spp., Bromus spp., etc. (s)

Malacothamnus fasciculatus
Eriogonum fasciculatum®*
Lotus scoparius

(p) GAP primary assemblage species

(s) GAP secondary assemblage species

* Potential co-dominant listed as a co-dominant in an adjacent GAP polygon

Field observation agreement with GAP co-dominants was less common in

chaparral and scrub polygons. Within such areas, 57% of the GAP co-dominants were

observed in large enough proportions in the polygons to justify their co-dominant

designation. Among primary and secondary assemblage co-dominants within chaparral

and sage scrub polygons, this percentage was 64% and 50%, respectively.
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There were several instances where species listed in either the primary or
secondary assemblage were not observed at all in the polygon in our field observations.
In some cases, a taxonomically similar species was found instead. For example, Quercus
cornelius-mulleri (a scrub oak with tomentose hairs on the underside of the leaves) was
not identified in polygon F2, but Q. berberidifolia was observed as a co-dominant based
on the field data. In another case, the species listed in the GAP database did not even
exist within the county according to botanical experts, although a closely-related species
was found instead in our study. For example, Ceanothus sorediatus was not recognized
as a species found in San Diego County by local botanists (Beauchamp 1986) let alone
polygon St, but C. oliganthus, a similar species with subtle differences was found instead
in our surveys for that polygon. This situation occurred again in polygon W2 where
Arctostaphylos tomentosus was not recognized by Beauchamp (1986) as a species found
in the county, but A. glandulosa, a similar hairy manzanita with a basal burl, was found
instead in our surveys for that polygon. In two other cases, a species listed by GAP was
not observed in any of the sample elements we surveyed. Pinus lambertiana was not
found in the sample elements in polygon F1, although rangers indicated they thrived at
higher elevations within the polygon away from roads and in areas close to the polygon
boundary. In the other case, buckbrush was not found in any of the sample elements
within polygon Cl. (Although the GAP database listed the species as “buckbrush”
instead of its Latin name, we considered the species to be Ceanothus cuneatus.)

Similar to the experience with Pinus lambertiana, observations of polygon areas
away from the sample elements suggested that in some cases the elements did not
encompass the representative vegetation found elsewhere in the polygon. In polygon S1,
large portions of roadside areas in the northern part of the polygon were covered with
Salvia apiana. However, permission to access those areas was not granted and no
sampling could be performed. In polygon C2, large portions of north-facing slopes in the
southern part of the polygon were covered by continuous stands of Quercus
berberidifolia, but permission was not granted to access those areas. Although
unavoidable, these experiences indicate limits to the representativeness of our sampling

protocol.
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Conversely, there were numerous species within the polygons observed in high
enough abundance to warrant possible designation as a co-dominant although they were
not listed as co-dominants by the GAP database (Table 5-5). For most of these species,
their abundance was modest, but given the SE interval about the mean sampled
composition (Table 5-4), the case could be made for designating such species as co-
dominants. Most of these omitted potential co-dominants were shrubs (e.g.,
Arctostaphlos glandulosa, Quercus berberidifolia, Ceanothus palmeri, Eriogonum
fasciculatum), except for the case of Pinus jeffreyi in polygon F1 and P. coulteri in
polygon F2.

Although not listed by the GAP database as co-dominants within an investigated
polygon, these potential co-dominants were often listed as co-dominants in neighboring
GAP polygons (see Table 5-5), suggesting the influence of adjacent polygons on species
composition of the surveyed polygons. Of the twenty-seven species listed as potential
co-dominants, fifteen were listed as co-dominants in adjacent polygons by the GAP

database (Table 5-5).

5.5.2 Crown Closure

Table 5-6 summarizes the predicted and measured crown closure for the GAP
polygons studied. When the GAP-predicted crown closure of both primary and
secondary assemblages were the same, the measured crown closure was within both
ranges (polygons F1, C1, and S1). When the GAP-predicted crown closure of both
primary and secondary assemblages were different, the measured crown closure was
within the crown closure range of one of the assemblages (polygon F2) or between the
crown closure ranges of both assemblages (polygon W1).

Thus, total crown closure as predicted by the GAP database generally matched the
field observations in the present study. This correspondence between predictions and
observations can be attributed to the relative ease of accurately estimating crown closure

from aerial photographs or remote sensing.
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Table 5-6.  Predicted and measured crown closure for selected GAP polygons.

Primary or Predicted Crown Measured Crown (¢ - 2SE,

Polygon Secondary Closure (%) Closure (%) (c) ¢+ 2SE)

F1 P 60 - 100 72 (54, 90)
S 60 - 100

F2 P 40-59 54 (44, 63)
S 60 - 100

w1 P 25-39 42 (20, 63)
S 60 - 100

W2 P 60 - 100 56 (35, 76)
S 60 - 100

C1 P 60 - 100 81 (63,99)
S 60 - 100

C2 P 60 - 100 74 (66, 83)
S 60 - 100

S1 P 40-59 54 (36, 72)
S 40 - 59

S2 P 60-100 63 (45, 80)
S 25 -39

5.5.3 Polygon Heterogeneity
Within the GAP database polygons, vegetation heterogeneity was a common

phenomenon, with species within one assemblage often found in specific locations due to
the influence of localized environmental factors. In polygon W1 for example, Quercus
engelmannii favored xeric, south-facing slopes whereas Q. agrifolia favored mesic,
north-facing slopes and valleys. Similarly, for polygon W2, Q. engelmannii favored the
xeric, south-facing slopes and Q. kelloggii formed monotypic stands on mesic, north-
facing slopes. Thus, the listing of species within an assemblage as co-dominants for a
GAP polygon does not indicate a homogenous mixture of plant species.

This heterogeneity can be represented by the community classification of each
sample element within a polygon (Table 5-7). Based on field observations of the species
composition of a sample element, a classification of the vegetation community was
assigned using Holland classification definitions (Holland 1986).  Although the
classifications provided by Holland gave detailed definitions, there was no systematic
method to apply these definitions to field observations, especially for similar community
classifications. Nevertheless, community classifications provide a broad view of the

communities within each element within a certain degree of uncertainty.
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Table 5-7.

Holland community classifications assigned by GAP for entire polygons and

by this survey for each sample element within the polygon based on field observations.

Polygon Holland Classifications Sample  Major Holland Classifications Other Possible Holland
Assigned by GAP Element Classifications
F1  Black Oak Forest or 1 Black Oak Forest Jeffrey Pine Forest
Coulter Pine Forest 2 Canyon Live Oak Forest -
3 Coulter Pine Forest -
F2  Black Qak Forest or 1 Black Oak Woodland -
Semi-Desert Chaparral 2 Black Oak Woodland Northern Mixed Chaparral
3 Black Oak Woodland Northern Mixed Chaparral
W1  Dense Engelmann Oak 1 Dense Engelmann Oak Woodland -
Woodland or Northern 2 Dense Engelmann Oak Woodland -
Mixed Chaparral 3 Dense Engelmann Oak Woodland Northern Mixed Chaparral
W2  Dense Engelmann Qak 1 Open Engelmann Oak Woodland -
Woodland or Chamise 2 Black Oak Forest Northern Mixed Chaparral
Chaparral -
Cl  Scrub Oak Chaparral or 1 Chamise Chaparral -
Buck Brush Chaparral 2 Scrub Oak Chaparral -
3 Northern Mixed Chaparral -
4  Chamise Chaparral Northern Mixed Chaparral
C2  Northem Mixed 1 Chamise Chaparral Semi-Desert Chaparral
Chaparral or Semi- 2 Chamise Chaparral Northern Mixed Chaparral
Desert Chaparral 3 Southern Mixed Chaparral Coastal Scrub
4 Chamise Chaparral
S1  Buckbrush Chaparral or 1 Coastal Scrub -
Coastal Scrub 2 Southern Mixed Chaparral -
3 Southern Mixed Chaparral Coastal Scrub
4 Coastal Scrub -
82  Coastal Scrub 1 Coastal Scrub -
2 Coastal Scrub -
3 Coastal Scrub -
4 Coastal Scrub -

Some of these assigned Holland classifications of sample elements differed from

the GAP database. For example, the community classifications listed in GAP for polygon

F1 were black oak forest and coulter pine forest. However, in one sample element,

significant amounts of canyon live oak (Quercus chrysolepis) over a large area suggested

the area encompassing the sample element could be classified as a canyon live oak forest.

Also, significant amounts of jeffrey pine (Pinus jeffreyi) over a large area suggested the

area encompassing the sample element could be classified as a jeffrey pine forest. Areas

within polygon W2 were covered by monotypic stands of black oak, warranting a

classification of black oak forest, but such a classification was not listed by GAP.
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A detailed listing of the species composition of each sample element is given in
Appendix C. The tables in Appendix C illustrate the heterogeneity on a species level,
with sometimes dramatic species composition changes from one sample element to
another within a polygon. A co-dominant listed by GAP may even dominate an area to
the exclusion of other co-dominants, as was the case with Quercus chrysolepis in sample
element 2 in polygon F1 and Adenostoma fasciculatum m sample element 1 in polygon

C2 (Appendix C).

5.5.4 Crown Volumes

Table 5-8 summarizes the crown volume data results for forested and wooded
polygons, listing (a) the 10 species with the greatest crown volume for each polygon, (b)
the species crown volumes within the sample elements of the polygons, and (c) species
crown volumes extrapolated to the entire polygon. Because overstory plants represented
most of the relative cover, Table 5-8 lists data only for the overstory plants of a given
species. In polygons F1, F2, W1, and W2 (the wooded and forested polygons), overstory
plants accounted for 94%, 95%, 96%, and 95% of the extrapolated total crown volume.

The majority of the estimated crown volume was attributable to a few species.
For all forest and woodland polygons, the ten most abundant species were responsible for
virtually the entire crown volume of the polygon (Table 5-8). Of the ten most abundant
species for each polygon, many were listed as co-dominants by the GAP database. For
polygons F1, F2, W1, and W2 GAP co-dominants represented 64%, 85%, 96%, and 93%
of the extrapolated total crown volume of the polygon. The species with the most crown
volumes were always tree species.

Table 5-9 summarizes the crown volume data for scrub and chaparral polygons,
listing the 10 species with the greatest crown volume for each polygon and species crown
volumes extrapolated to the entire polygon. As was the case with forest and woodland
polygons, the majority of the estimated crown volume was attributable to a few species.
The ten most abundant species were responsible for virtually the entire crown volumes of
the scrub and chaparral polygons (Table 5-9), and GAP co-dominants accounted for a
large portion of the extrapolated total crown volume. For polygons C1, C2, S1, and S2,
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Table 5-8.  Calculated crown volumes in the sample elements of forested polygons
and estimates of crown volumes for entire polygons for the ten most voluminous species.

Polygon Sample Calculated Crown  Estimated Crown
Polygon Area (ha) Element Species Volume in Sample  Volume for the
Area (ha) Elements (m*) Polygon (m?)

F1 1,990 1.8  Quercus chrysolepis* 15,000 17,000,000
Pinus jeffreyi 14,000 16,000,000
Quercus kelloggii* 9,800 11,000,000
Quercus agrifolia* 5,300 5,700,000
Pinus coulteri* 2,800 3,100,000
Calocedrus decurrens* 2,500 2,800,000
Quercus berberidifolia 560 620,000
Arctostaphylos pungens 540 590,000
Cercocarpus betuloides 380 420,000
Quercus wislizenii 380 410,000
Top 10 52,000 58,000,000 (100%")
GAP co-dominants 35,000 39,000,000 (67%")
Total 52,000 58,000,000

F2 2,317 1.8 Quercus kellogii* 14,000 18,000,000
Pinus jeffreyi* 8,000 10,000,000
Pinus coulteri 2,500 3,300,000
Quercus berberidifolia 660 850,000
Ceanothus palmeri 580 740,000
Cercocarpus betuloides* 410 520,000
Adenostoma fasciculatum* 250 320,000
Ceanothus greggii 130 160,000
Arctostaphylos pringlei 110 140,000
Artemisia tridentata 100 130,000
Top 10 27,000 35,000,000 (100%")
GAP co-dominants 23,000 29,000,000 (85%")
Total 27,000 35,000,000

Wi 1,904 1.8  Quercus engelmannii* 11,000 12,000,000
Quercus agrifolia* 7,700 8,200,000
Quercus kelloggii* 660 700,000
Arctostaphylos glandulosa 500 550,000
Adenostoma fasciculatum® 370 390,000
Eriogonum fasciculatum 80 87,000
Salvia apiana 80 85,000
Symphoricarpos mollis 60 66,000
Ceanothus leucodermis* 60 63,000
Juniperus californicus 20 23,000
Top 10 21,000 22,000,000 (100%")
GAP co-dominants 20,000 21,000,000 (96%")
Total 21,000 22,000,000
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Table 5-8.  (Continued)

Polygon Sample Calculated Crown  Estimated Crown
Polygon Area (ha) Element Species Volume in Sample  Volume for the
Area (ha) Elements (m®) Polygon (m’)

W2 1,778 1.2 Quercus engelmannii* 16,000 24,000,000
Quercus kelloggii* 6,417 9,500,000
Pinus coulteri 900 1,300,000
Quercus agrifolia* 780 1,200,000
Quercus berberidifolia 730 1,100,000
Arctostaphylos glandulosa 90 130,060
Garrya veatchii 60 94,000
Cercocarpus betuloides 60 84,000
Adenostoma fasciculatum 50 68,000
Rhamnus ilicifolia 20 24,000
Top 10 26,000 38,000,000 (100%")
GAP co-dominants 24,000 35,000,000 (93%")
Total 26,000 38,000,000

! Percent of the total for the polygon
* GAP co-dominant for the polygon

GAP co-dominants represented 75%, 55%, 59%, and 70% of the total extrapolated crown

volume of the polygon.

5.6 Discussion

5.6.1 Species Composition Within the GAP Database
In our study, the apparent accuracy of the GAP database was high for

forest/woodland species and lower for scrub/chaparral species. As noted earlier, the
accuracy of the GAP database is linked to the accuracy of VIM and soil-vegetation maps,
and to more recent remote sensing data used to create this database. The original VIM
and soil-vegetation maps may have been quite accurate for forests and woodlands,
because there were fewer barriers for conducting accurate surveys in those areas and more
incentives. Specifically, high accuracy for forests and woodlands may be explained by
the ease of conducting studies in those relatively open areas combined with the economic
incentive of producing accurate data for these potential timber sources. Scrub and
chaparral have little or no commercial value, and the effort required to maneuver through
dense thickets discourages data collection.

Successional changes may explain discrepancies in species composition between

the GAP database and the present study for certain chaparral species. Although previous
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Table 5-9.  Estimates of crown volumes for the ten most voluminous species in
chaparral and sage scrub polygons.
Polygon Average Crown Absolute  Estimated Crown Volume
Polygon Area (ha) Species Height (m) _ Cover (%) for the Polygon (m)

C1 6,578 Quercus berberidifolia* 1.8 36 42,000,000
Adenostoma fasciculatum* 0.8 28 7,600,000
Quercus engelmannii 4.7 4 5,700,000
Ceanothus crassifolius 1.2 2 730,000
Cercocarpus betuloides* 1.6 1 730,000
Heteromeles arbutifolia 1.3 2 700,000
Quercus agrifolia 33 1 590,000
Eriogonum fasciculatum 0.7 3 580,000
Prunus ilicifolia 1.0 1 430,000
Unknown 1.1 1 200,000
Top 10 77 39,000,000 (97%")
GAP co-dominants 66 30,000,000 (75%")
Total 81 40,000,000

C2 3,986 Adenostoma fasciculatum* 0.8 37 5,900,000
Xvlococcus bicolor 1.1 10 2,300,000
Quercus berberidifolia* 1.6 3 980,000
Rhus ovata 1.2 4 870,000
Malosma laurina 1.1 3 740,000
Eriogonum fasciculatum 0.6 6 720,000
Ceanothus oliganthus 12 2 390,000
Ceanothus greggii* 0.8 2 280,000
Arctostaphylos glandulosa 1.2 1 230,000
Cneoridium dumosum 0.7 2 230,000
Ceanothus leucodermis™ 1.1 0 89,000
Top 10 70 13,000,000 (96%")
GAP co-dominants 43 7,200,000 (55%")
Total 74 13,000,000

S1 3,650 Adenostoma fasciculatum®* 1.0 13 2,300,000
Malosma laurina 1.2 8 1,800,000
Eriogonum fasciculatum™* 0.7 12 1,600,000
Artemisia californica* 0.7 10 1,200,000
Xylococcus bicolor 1.3 4 1,000,000
Ceanothus oliganthus 1.2 2 400,000
Quercus berberidifolia* 1.9 1 290,000
Salvia mellifera 038 2 240,000
Cercacarpus betuloides 22 0 75,000
Cneoridium dumosum 0.7 0 51,000
Top 10 52 8,900,000 (98%")
GAP co-dominants 35 5,300,000 (59%")
Total 54 9,100,000
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Table 5-9.  (Continued)

Polygon Average Crown Absolute Estimated Crown Volume
Polygon Area (ha) Species Height (m)  Cover (%) for the Polygon (m’)

S2 2,718 Artemisia californica 0.7 35 2,000,000
Malosma laurina 1.1 15 1,500,000
Salvia mellifera 0.7 19 1,100,000
Rhus integrifolia 1.5 8 970,000
Malacothamnus fasciculatus 0.7 5 350,000
Baccharis pilularis 0.6 3 160,000
Eriogonum fasciculatum 0.6 3 150,000
Lotus scoparius 0.5 3 120,000
Mimulus sp. 0.5 2 74,000
Galium sp. 03 1 71,000
Top 10 59 6,500,000 (96%")
GAP co-dominants 46 4,800,000 (70%")
Total 63 6,800,000

! Percent of the total for the polygon
* GAP co-dominant for the polygon

studies estimating natural cover of vegetation for BHC inventory generation assumed
little change in chaparral vegetation over time (Winer et al. 1983), this may not be the
case. Chaparral follows certain successional trends after fires. Ceanothus chaparral and
coastal sage scrub may emerge immediately after a fire depending on the elevation,
aspect, and antecedent vegetative conditions, but may be displaced by chamise or scrub
oak chaparral (Hanes 1977). Ceanothus cuneatus is one species which within 50 years
can die out completely (Gordon and White 1994). Other species of Ceanothus tend to
thin with time because recruitment of new individuals does not occur in the absence of
fire (Keeley 1975). Some of the more underrepresented species in our field observations
which were predicted by the GAP database were members of the genus Ceanothus (C.
leucodermis, C. oliganthus, C. greggii, and C. cuneatus). A successional process could
explain the absence of ceanothus species from some of the field data even though it was
predicted in the GAP database.

Within forests and woodlands, studies have evaluated the accuracy of VIM plots
over time. For example, Allen-Diaz (1993) found little natural change in species
composition in VIM plots within blue oak woodlands in the Central Valley but some
increase in the size and number of oak species individuals over a period of 50-60 years.
Minnich et al. (1995) reported gradual species change in VTM plots within the San

Bernardino Mountains from ponderosa and sugar pines to white fir and incense cedar
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attributable to fire suppression. Some of these changes in San Bernardino Mountain
mixed conifer species were attributable to effects of air pollution on beetle-induced
mortality and seedling recruitment of pine species (Miller et al. 1997). However, these
studies did not report wholescale replacement of species within forested and wooded
VTM plots.

According to our survey data, a discrepancy also existed in the accuracy of
primary versus secondary assemblages in GAP, since primary assemblage co-dominants
were correctly listed by the GAP database more often. In a GAP polygon, primary
assemblages by definition are more prevalent. In the present study, a sample element was
more likely to be placed in the more prevalent assemblage, resulting in the gathering of
more data on primary assemblage species and higher representation by those species.
With only three or four elements, there was a smaller chance of sampling a species from a
secondary assemblage with a frequency proportional to the area occupied by that
assemblage. In the future with more resources, and hence a larger number of randomly-
placed sample elements, representation by species from either assemblage should be
proportional to each assemblage’s cover within the polygon.

As noted above, for some polygons, the species predicted by GAP were not found
within the surveyed sample elements. In some cases, this discrepancy could be attributed
to the GAP database, as in the case of those species not recognized by local botanists as
present in the study region. However, as noted earlier, some of these discrepancies have
little impact on the utility of the database, because taxonomically-related species were
found instead. In other instances where a plant species listed in GAP was not found in
our survey, this may have been due to limitations in siting the sample elements. By
sampling only near roads, away from polygon boundaries, and only with the permission
of land owners, large areas were removed from inclusion in the study. These limitations
were recognized and accepted as a condition to performing this type of survey.
Observations from a distance and input from individuals knowledgeable about local
botany was helpful in identifying additional plant species outside the selected sample
elements but did not add to the quantitative estimations of vegetation cover reported here.

The heterogeneity of plant communities within a polygon was expected because

the minimum mapping unit of the GAP database was 100 hectares. Consequently, the
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GAP database is not capable of describing communities and areas smaller than 100
hectares. Since in the present study, the square areas enclosing a sample element in the
forested/wooded and chaparral/scrub polygons were 25 and 9 hectares, respectively,
vegetation communities observed during the surveys were below the spatial resolution of
the GAP database. Consequently, microhabitats of less than 100 hectares have been
observed in the present study that differed from the overall community predicted by the
GAP database for entire polygons. These observations indicate the data listed by the
GAP database for a given polygon must be considered as generalized to the entire

polygon and not necessarily completely descriptive of specific locations within the

polygon.

5.6.2 Utility of the GAP Database in Developing BHC Inventories
The GAP database provides potentially valuable information for developing BHC

emissions inventories. Compared to previous databases estimating percent cover of
vegetation in natural areas, the GAP database is species-specific and has a higher spatial
resolution. The four classes of information predicted by the GAP database useful for the
development of a BHC emissions inventory are crown closure of an assemblage,
assemblage cover, species composition within an assemblage, and abundance of species
within an assemblage.

Crown closure information predicted by the GAP database was consistent with
our field observations. In almost all the cases, the measured crown closure was within
the range or ranges predicted by GAP. Although the crown closure data were generally
accurate, the classes describing crown closure were broad: 25-39%, 40-59%, and 60-
100%, respectively. For the purpose of developing a BHC inventory, mean values for
each class could be used. For the three crown closure classes cited above, using mean
values of 32%, 50%, and 80% would result in maximum errors of £ 22%, +20%, and £
25%, respectively.

Because the GAP database does not delineate the boundaries of primary versus
secondary assemblages within a polygon, the assemblage cover could not be validated
from this study. Specifically, it was not possible to determine where a species

assemblage began and ended from a ground level perspective and scale. Like crown
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closure, percent assemblage cover was determined in the GAP database from aerial
photographs and satellite imagery. The species assemblages data might be expected to
have the same degree of accuracy as the crown closure data due to the relative ease of
delineating large features such as broad vegetation classes within a polygon. For the
purpose of developing a BHC inventory, mean values for each assemblage cover class
could be used. For the nine assemblage cover classes (10-20%, 20-30%, 30-40%, 40-
50%, 50-60%, 60-70%, 70-80%, 80-90%, and 90-100%), using the mean values for each
class would result in a range of errors from + 33% for the 10-20% assemblage cover class
to + 5% for the 90-100% cover class.

Tn terms of species composition, there were some discrepancies between the GAP
database and the present field observations. As noted earlier, these discrepancies took
two forms: apparent omissions of observed species and apparent misassignment of
species. One important explanation for the former is the Iimit in GAP of the number of
reported species (i.e. three) per assemblage. Clearly, if additional species had been listed
by GAP, for example in the primary assemblage, there would have been greater
agreement with the field observations.

Using the two standard error criterion discussed earlier and the field survey data,
about 40% of the GAP co-dominants were misassigned. For the purpose of the
development of BHC emissions inventories, species composition errors have adverse
effects only when a plant species listed in GAP as a co-dominant for a polygon should
actually be a species with a different measured BHC emission rate and/or biomass
constant. For example, if a co-dominant listed by GAP is a high isoprene-emitting
species, but the actual plant species which occurs in the polygon is a low- or non-emitting
species, the resulting BHC emission flux calculated for that polygon will over-estimate
isoprene.

Another source of uncertainty is that the taxonomic method (Benjamin et al.
1996) of assigning BHC emission rates will necessarily be used for BHC inventory
development (when experimental data are not available). Thus, the degree of error
introduced by GAP species misassignment will depend on the taxonomic relationship
between the predicted versus the observed co-dominant. For example, the substitution for

a GAP co-dominant of a distantly-related plant species observed in the field (with a likely
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quite different assigned emission rate) has the greatest potential to quantitatively affect a
BHC emission inventory. However, based on the present field surveys, at least some of
these discrepancies should be of little or no significance in developing BHC emissions
inventories, because, as discussed earlier, species misassignments usually involved the
replacement of a predicted co-dominant in GAP by a taxonomically-similar species. For
example, for polygon F2, there was a large abundance of Quercus berberidifolia based on
field surveys instead of the GAP-listed species, Q. cornelius-mulleri. Even with the
substitution of a distantly-related species for a GAP co-dominant, there will be a
significant quantitative effect only if the emission rates and/or biomass constants for the
two species are very different, and also onmly if the species has a substantial species
abundance. Thus, the substitution of one non-emitting species for another non-emitting
GAP co-dominant will have no effect on BHC emissions inventory. Conversely, the
most serious differences will occur when a high-emitting species is found to be abundant
in a field survey but is not listed as a GAP co-dominant, or as noted above, an abundant
high-emitting GAP species is not actually present.

Because the agreement between the GAP database and our field observations
varied with vegetation type and assemblage, these factors must be taken into account as
well when developing a BHC emissions inventory. For example, the present study
showed accuracy was greater for forest and woodland polygons than for chaparral and
sage scrub. The present study also showed accuracy was greater for primary assemblages
than for secondary assemblages, although as noted, this may be partly an artifact of the
study design.

The species abundance predicted by the GAP database accounted for a large
portion of the plant material. For forested polygons, the species area predicted by GAP
accounted for 65-85% of the observed relative cover based on our surveys. Similarly for
forested polygons, the species predicted by GAP accounted for 60-90% of the crown
volume.

However, the observed abundance of individual GAP co-dominants within a
polygon was not evenly distributed among the listed species in the GAP database. Often,
one or two co-dominants occupied the majority of the assemblage and the polygon, using

relative cover as the metric. As stated previously, the GAP database provides
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information allowing the determination of a possible lower limit to the abundance for a
co-dominant, but not a possible upper limit. Consequently, the range of the relative cover
for a co-dominant may be anywhere from 20% to 100% of its assemblage within the
polygon. This range can be reduced knowing other plants are co-dominants, but the
generic nature of the data prevents precise quantification. Even then, a precise
characterization of each assemblage by relative cover cannot be performed without
additional data from field observations or the literature. Also, the relative cover of
species that are not co-dominants will be unaccounted for by the process outlined above.
Because co-dominants in the polygons surveyed for the present study accounted for only
60-85% of the relative cover, the remaining 15-40% of the relative cover was attributable
to species whose identity cannot be determined from the GAP database.

Also, biomass as measured by crown volume cannot be determined solely from
data contained within the GAP database. Thus, auxiliary data providing average crown
height of a plant species, or plant crown volume on an area basis, are required for the
GAP database to be useful in determining biomass for development of BHC emissions
inventories. Literature describing the average height of California plant species exists
from taxonomy texts (Munz and Keck 1959, Hickman 1993), and volume and mass data
on an area basis exist for major coastal sage scrub and chaparral species (Gray and
Schlesinger 1981, Miller 1981). Alternatively, field data concerning crown height can be
obtained as done in the present study.

Using the data for polygon F1 from Table 5-3 as an example, crown closure,
assemblage cover, species composition, and species abundance data from the GAP
database can be used to calculate the areal coverage by major species. Using mean values
for assemblage cover and crown closure, the vegetation of the primary assemblage covers
(0.65)*(0.8) or 52% of the polygon area, and the vegetation of the secondary assemblage
covers (0.35)*(0.8) or 28% of the polygon. Since this calculation incorporates crown
closure, these figures represent actual vegetation cover and not relative cover. Using the
extreme ends of the assemblage cover and crown closure ranges, the vegetation of the
primary assemblage may cover between 36% and 70% of the polygon, and the vegetation
of the secondary assemblage may cover between 18% and 40% of the polygon.
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5.6.3 Limitations in the Present GAP Assessment Study
As noted earlier, the GAP assessment in San Diego County posed special

problems in terms of sampling representative areas within privately-owned parts of a
polygon. In the Utah GAP validation project, 42% of the state was under the control of
the US Bureau of Land Management, with private interests owning only 21% (Edwards et
al. 1995). In San Diego County, the San Diego County Association of Government 1990
ownership database indicated private interests owned 41% of county land (San Diego
Association of Governments 1997). Private land owners typically purchase land in
accessible areas within the vicinity of roads. For the purposes of conducting a GAP
assessment project, suitable public lands within the vicinity of roads was limited.
Although a 14% success rate for our mailers seeking property access was high by the
standards of some surveys, obtaining permission to access private property was a limiting
factor. For example, no polygon contained more than two private land owners
volunteering to participate in the present study. The lack of suitable sites to randomly
place sample elements in four of the polygons resulted in extended hikes from established
roads to reach a United States National Forest or county park area. Even with such effort,
our ability to conduct surveys in representative areas of a polygon’s major vegetation
types as listed in the GAP database was limited for these four polygons.

As noted earlier, given the effort needed to gather the field data, it was necessary
to reduce the area sampled. Moreover, the sample area required to estimate the true
relative cover of individual species in a polygon is not known. The literature suggested
surveying 7% of a forested area using parallel belt transects provided a 65% chance the
sample mean of the basal area of the trees would be within 10% of the true mean for more
common species (Bormann 1953). The effort needed to obtain an accurate measure of
relative cover may be similar. In the present study, the belt transects directly sampled 1.8
hectares within polygons of about 1,800 to 2,300 hectares, or about 0.1% of the polygon
area. The line transects approximating 3 m belt transects directly sampled 0.72 hectares
in polygons ranging in size from 3,600 to 6,600 hectares, or about 0.01%.

On the other hand, the effective size of the samples may be larger. The vegetation
cover composition within the transects may approximate the cover composition of a

square which immediately bounds the ends of the perpendicular transects. If this was the
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case, the three sample element in each forest/woodland polygon may have effectively
sampled 75 hectares or about 4% of the polygon area, while the four sample elements in
the chaparral/scrub polygons may have effectively sampled 36 hectares or about 0.9% of
the polygon area.

5.6.4 Improvements to the Methodology
Some steps can be undertaken to improve the assessment methodology for the

GAP database within California. Since many parts of California will follow San Diego
County’s pattern of land ownership, large portions of roadside areas may be inaccessible
to surveyors because of lack of cooperation by local land owners. Certain steps could
increase rates of participation. There was some resistance to UCLA researchers’ requests
for access. Local agencies with established recognition and relationships with local
individuals such as cooperative extension agencies, local fire departments and councils,
and state or national forest agencies could be enlisted to assist in this type of research.
Such agencies may act as intermediaries, identify sympathetic land-owners, or at least
offer the use of their agency name as references in contact letters and phone
conversations.

Based on recommendations by land owners, local environmental impact reports
may be used to understand some of the vegetation composition of private lands. Many
environmental impact reports contain sections assessing the natural resources of the
subject area, including vegetation within the study area, and many environmental impact
reports are on file at public agency offices and libraries.

An alternative method of assessment may involve the use of maplets. As stated in
Section 5.2, Stoms (1996) used San Diego County’s Multi-Species Conservation Program
(MSCP) map to validate the GAP database for southwestern San Diego County.
Although the resulting map does not provide species-specific data for each polygon, the
maplet does provide a small area map with a smaller minimum mapping unit useful for
some levels of validation. For example, this approach can detect obvious errors in the
assignment of vegetation communities to polygons (e.g., assigning a black oak forest
attribute to a manzanita chaparral polygon). The results of Stoms’ work does not have

direct application to the present study, because Stoms’ study covered the southwestern
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portion of San Diego County whereas the present study examined eight polygons spread
throughout the entire county. Therefore, overlap between the two studies was minimal.

A more dense stratified sampling methodology may ensure the survey of less
representative areas. The secondary assemblage species by definition are more
uncommon and may be overlooked by a survey with a small number of sample elements.
A stratified sampling system can enhance the possibility less common species within
assemblages would be surveyed.

There are ways to minimize the amount of time spent in one area. Other studies
have shown the use of alternating segments along a transect can reduce the time invested
without sacrificing accuracy (Bormann 1953). One paradigm of chaparral ecology
stipulates there is little significant stand-to-stand variation over wide areas within
chaparral, with major variation occurring mostly over large distances and between
chaparral types such as chamise chaparral versus mixed chaparral (Keeley 1986). This
homogeneity over a small area allows one to measure along every nth meter, reducing the
effort invested in the survey without compromising accuracy.

Within forested and woodland areas, understory plants may be ignored. Because
overstory plants accounted for 88-92% of the total relative cover and 94-96% of the total
crown volume in the forest/woodland polygons of the present study, ignoring understory
plants would have little impact. Since understory plants outnumber overstory plants, the
time not spent measuring these smaller plants will free larger amounts of time for

additional measurements.
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60 MEASUREMENTS OF ISOPRENE AND ITS ATMOSPHERIC
REACTION PRODUCTS METHACROLEIN AND METHYL VINYL
KETONE IN AMBIENT AIR

6.1  Introduction and Background
Volatile organic compounds (VOC) of biogenic origin (BHC, biogenic

hydrocarbons) were measured in California’s South Coast Air Basin (SoCAB) during the

Southern California Ozone Study (SCOS97) conducted in the summer 1997.

Anthropogenic hydrocarbons are measured on a routine basis in the SoCAB, but few

ambient measurements of biogenic hydrocarbons or their atmospheric reaction products

have been conducted in the basin. While on a global scale the dominance of BHC over

anthropogenic VOC is estimated to be as much as a factor of 10 (WMOQ, 1995), U.S.

emission inventories put the two sources of VOC at comparable strengths (Guenther et al.

1994) and in urban areas such as the SoCAB anthropogenic VOC clearly dominate

(Benjamin et al. 1997). Biogenic hydrocarbons are generally highly reactive in the

atmosphere (Carter 1994; Atkinson 1997) and thus can play an important role in

tropospheric chemistry (Trainer et al. 1987, Chamedies et al. 1988). Because of their rapid
atmospheric reactions, however, the ambient concentrations of BHC are generally low and
additional measurements of their atmospheric reaction products are necessary to understand
the full impact of BHC on photochemical processes such as ambient ozone formation

(Montzka et al. 1993, 1995). For this reason, measurements of isoprene, the BHC emitted

in greatest quantity by vegetation (Guenther et al. 1995), and its principal reaction products,

methacrolein (MACR) and methyl vinyl ketone (MVK), were undertaken during the

SCOS97 campaign.

The SCOS97 campaign took place during June 16 — October 15, 1997, with six
intensive sampling periods and a total of 13 days of intensive sampling. Sampling for
biogenic VOC was generally conducted simultaneously at three sites chosen as a mid-basin
receptor site for anthropogenic VOC (Azusa), a down-wind receptor site (Banning) and a
high elevation site impacted by biogenic VOC (Pine Mountain or Mount Baldy). Solid
adsorbent tubes with mass flow controllers were utilized for VOC sample collection and
concentration. Afier sample collection, the adsorbent tubes were cooled and transported to

the laboratory where they were analyzed by gas chromatography with mass selective
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detection (GC-MSD) using a GC-MSD equipped with an Entech thermal desorption/
preconcentrator unit.

Results for ambient diurnal profiles of isoprene and its atmospheric reaction
products, methacrolein and methyl vinyl ketone, for the twelve SCOS97 intensive sampling
days between August 4 and October 4 are given in this report.

6.2  Sampling Sites and Sampling Times
The sampling sites in this study were Azusa, Pine Mountain, Mount Baldy, and

Banning. During a single intensive period sampling was also performed at a Los Angeles,
North Main Street site. The six intensive sampling periods and sampling sites are presented

in Table 6-1.

Table 6-1.  Intensive sampling periods and sampling sites.

Sampling Period Sampling Site

July 14 Azusa, Banning

August4 -6 Azusa, Banning, Pine Mtn.
August 22 - 23 Azusa, Banning, LA North Main
September 4 - 6,7 Azusa, Banning, Pine Mtn.
September 28 - 29 Azusa, Mt. Baldy

October 3 -4 Azusa, Banning, Mt. Baldy

Azusa represents a mid-basin receptor site east of the main source area of
downtown Los Angeles, Pine Mtn. is an elevated site (4539 ft) north of Azusa in the San
Gabriel Mountains and Mt. Baldy (sampling at 4000 ft) is situated east of Pine Mtn. The
Banning site is located approximately 80 miles east of downtown Los Angeles.

The sampling intervals were 3 hours during daytime and 7-9 hours during
nighttime. Typically the sampling periods at Azusa, Pine Mtn., and Mt, Baldy were 0300-
0600, 0600-0900, 0900-1200, 1300-1600, 1600-2000, 2000-0300. VOCs were measured at
Azusa during the four daytime sampling periods by other investigators participating in
SCOS97. At Banning the sampling periods were 0300-0600, 0600-0900, 0900-1200,
1200-1500, 1500-1800, 1800-0300, chosen to coincide with the schedule of the
Photochemical Assessment Monitoring Station (PAMS) VOC sampling conducted by the



South Coast Air Quality Management District (SCAQMD) at this site. During August 22 -
23 all sites followed the Banning sampling protocol. During September 4 - 7 nighttime
sampling was performed more frequently at Azusa and Pine Mtn. with 3 - 4 hour sampling
periods (1700-2000, 2000-2400, 0000-0300, 0300-0600).

6.3 Experimental Methods

6.3.1 Sampling
Ambient samples were collected on solid adsorbents housed in borosilicate glass

tubes (length 130 mm, outer diameter 6 mm, inner diameter 4 mm). For collection of
isoprene, methacrolein and methyl vinyl ketone, the tubes were filled with 250 mg of
Carbotrap (20/40 mesh, Supelco, Inc.). Prior to packing, tubes were cleaned by sonicating in
methanol and annealed at 480°C. The Carbotrap tubes were conditioned by heating overnight
at 350 °C with a constant flow of helium through the tubes. After conditioning and while still
warm, the adsorbent tubes were capped with brass nuts, caps (Swagelock) and PTFE ferrules
(Alltech Associates, Inc.). The tubes were placed in a cleaned glass jar which was sealed with
a metal lid lined with Teflon film. A tube containing activated charcoal (MCB Reagents) was
kept in the jar during storage of tubes. Blank samples were treated the same way as samples,
excluding actual sampling. Two sampling tubes in series were used, with analyses of the
second tube serving to verify that no breakthrough occurred. Jars were stored in a refrigerator
at 4 °C before transportation to sampling sites. Tubes were freshly desorbed prior to each
intensive sampling period.

To prevent ozone from reacting with labile compounds in the adsorbent during
sampling, a scrubber housed in a PTFE compression fitting was placed in front of the first
sampling tube (Juttmer 1988, Hoffmann 1994, Helmig 1997). The scrubber contained eight
copper plyes coated with manganese dioxide (Dasibi Corp.). Each scrubber was tested by
pumping ozone (250 ppb) through the scrubber and monitoring the mixing ratio with an
ozone monitor (Model 1003-AH, Dasibi Corp.). The scrubbers were tested before and after
each intensive sampling period.

At each site the sampling equipment consisted of a diaphragm pump (Model no.
107CAB 050-TFE, Thomas), mass flow controllers (FC-280SAV and FC-280AV, Tylan
General) and a mass flow control unit with four channels (RO-28, Tylan General). The tubes
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were mounted at a height of 1.8 - 2.0 m (at Azusa the sampling equipment was located on the
roof of the SCAQMD station). Each pump, mass flow controller, and control unit was
checked for flow rate against a bubble flow meter before and after each intensive sampling
period.

Carbotrap samples were collected in duplicate with each sampling tube followed
with a back tube. Blank samples transported to the sites were treated the same way as
samples, excluding actual sampling. Collected samples were transported to the laboratory
as soon as possible for spiking with internal standards, and analysis.

6.3.2 Analysis

Before analyses the samples were spiked with gaseous deuterated internal standard
of isoprene-d,, Known concentrations of isoprene-d, were introduced into a Teflon chamber
(7900L) from a vacuum rack with an MKS Baratron 1-100 Torr sensor head and a volume-
calibrated Pyrex bulb. After ambient sampling each tube was spiked with 100cc of this
standard. External calibration samples were prepared by introducing known amounts of
isoprene, isoprene-d,, methacrolein and methyl vinyl ketone into the chamber, sampling
known volumes onto adsorbent tubes, and running calibration samples using the identical
method as used for the ambient samples. From these calibration samples, response factors for
the compounds against the internal standard compound were determined with isoprene-d,
serving as the intemal standard for isoprene, methacrolein and methyl vinyl ketone.

The analyses were performed with a preconcentrator (Entech 7000, Entech
Instruments Inc.) connected to a gas chromatograph (Hewlett Packard, 5890) and a mass
selective detector (Hewlett Packard, 5971A). The adsorbed compounds were desorbed in a
single tube desorber by heating the Carbotrap tube to 325°C. Concentration prior to injecting
the sample into the gas chromatograph was accomplished using a two-step cryofocusing cold
trap dehydration method. The analytical column used for separation of compounds was a DB-
5 capillary column (length 60 m, diameter 0.32 mm, phase thickness 1 mm, J&W Scientific)
and the oven was programmed from 35 °C to 80°C at the rate of 4°C/min, then up to 280°C at
8 °C/min.

The compounds were identified according to their retention times and selected

characteristic ions as determined by running pure gaseous standards adsorbed onto sampling



tubes. Compound identifications were previously verified by full mass spectra, operating the
mass selective detector in the scanning mode (SCAN). The samples were quantified using the
selected ion monitoring (SIM) mode with two or more characteristic ions for each compound
and using the areas of the ion chromatograms for quantitation. The ion 68 m/z was used for
quantification of isoprene, and 76 m/z for isoprene-ds. The ion 70 m/z was used for

quantification of methacrolein and methyl vinyl ketone.

6.3.3 Intercomparison for [soprene
On August 1, 1997 isoprene sampling was conducted at the University of

California, Riverside, Air Pollution Research Center (APRC) between 1430-1815 to
allow an intercomparison between the APRC adsorbent tube sampling and canister
sampling. Carbotrap tubes were used to collect 5 simultaneous samples for analysis and
quantification of isoprene at APRC, as detailed above. Two canister samples (using pre-
cleaned canisters supplied by Desert Research Institute and Biospheric Research
Corporation) were co-located with the APRC adsorbent samplers. The canisters were
mailed to Desert Research Institute and Biospheric Research Corporation for analysis.

The results of the adsorbent tube sampling are provided below.

6.4  Resuits

Tables 6-2 through 6-5 give the average mixing ratios of isoprene, methacrolein, and
methyl vinyl ketone for the five intensive SCOS97 sampling periods between August and
October, 1997. The replicate sample values are given in Appendix D. The isoprene,
methacrolein and methyl vinyl ketone values are reported in ppbv, calculated for 760 Torr
and 0°C. Following these tables are figures of the isoprene time-concentration profiles for
the three (or in one instance two) sampling sites monitored during each intensive sampling
period. Azusa was a sampling site during every sampling period and the isoprene values at
Azusa are given in the top graph, plotted with a 0.8 ppbv ordinate scale for each intensive
(Figures 6-1 through 6-5). Pine Min. was monitored along with Azusa during Intensives 2
and 4 (Figures 6-1 and 6-3), while Mt. Baldy was monitored during Intensives 5 and 6
(Figures 6-4 and 6-5). Reflecting the higher ambient isoprene concentrations at these elevated
sites, an ordinate scale value of 2.5 ppbv has been utilized for graphing isoprene at these

6-5



mountain sites. Isoprene was monitored at the down-wind Banning site during Intensives 2,
3, 4, and 6 and is shown as the lower graph with a 0.3 ppbv ordinate scale. During Intensive
3, LA North Main was a monitoring site in addition to Azusa and Banning (Figure 6-2).

6.4.1 Precision of Sampling and Analysis
Table 6-6 gives the results for the five replicate isoprene samples taken during the

August 1 Intercomparison Sampling. A 6.3% relative standard deviation in the measured

isoprene concentration was obtained for these samples.

6.5  Discussion

The highest isoprene mixing ratios were found in samples from the two mountain
sites, Pine Mtn. and Mt. Baldy. Both were late afternoon/early evening samples with
sampling times of 1700-2000. The highest value observed at Pine Mtn. was 2.2 ppbv on
August 4, and the maximum isoprene value for Mt. Baldy was 2.3 ppbv observed on
September 28. At Azusa the highest mixing ratios for isoprene were in the range 0.5 — 0.8
ppbv during all sampling intensives, except the final one on October 3-4, when the highest
values were only about 0.2 ppbv. Thus, the highest values at the mountain sites were
three to four times higher than the maximum mixing ratios observed at the urban valley
site. The maximum isoprene values at the Banning site in the eastern portion of the air
basin were 0.2 — 0.3 ppbv, consistently lower than at the other sites.

Consistent with light-dependent biogenic sources, the lowest values for isoprene
were usually measured during nighttime. The diumal variation of isoprene at the different
sites generally followed a similar pattern: higher mixing ratios during the daylight hours,
lower during nighttime. However, as may be seen in Figures 6-1, 6-3, 6-4 and 6-5, the
difference between day and night was most apparent at the mountain sites, where the
daytime values ranged between 0.4 — 2.3 ppbv and the nighttime values did not exceed 0.1
ppbv. At Azusa and Banning the day-night variation was much less pronounced and
sampling at the Los Angeles North Main site gave low isoprene concentrations with little
decrease during the single night sampled (see Figure 6-2).

For methacrolein and methyl viny! ketone the highest mixing ratios were observed

at Azusa. On August 22-23 for the 1800-0300 sampling interval the methacrolein mixing
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ratio was 3.3 ppbv, and on September 28 between 0300-0600 the methyl vinyl ketone
mixing ratio was 2.3 ppbv. At Banning on August 22-23 at 1800-0300 mixing ratios for
both MACR and MVK were high, being 2.4 ppbv and 2.9 ppbv, respectively. At Pine
Mitn. and Mt. Baldy the highest values for MACR were measured in the afternoon/early
evening reaching 1.1 ppbv and 0.5 ppbv, respectively, and the highest values for MVK
were 1.6 ppbv and 1.0 ppbv, respectively.

At the mountain sites during the daytime, the isoprene values generaily exceeded
the MACR and MVK concentrations, while during the nighttime the isoprene values
were <0.1 ppbv and the combined MACR and MVK  levels reached 1.7 ppbv. The
isoprene, MACR and MVK concentrations at Pine Mn. for the Sept. 4-7 intensive are
shown in Figure 6-6. Note that the isoprene begins to increase early in the morning
(0600-0900) with increases in MACR and MVK lagging behind temporally. The highest
MACR and MVK levels observed at the mountain sites occurred at Pine Mtn. during
Intensives 2 and 4 (see Intensive 4 in Figure 6-6) when the MVK + MACR reached 2.5
ppbv. The ratio of MVK/MACR during the daytime was relatively constant at the
mountain sites, with average values for this ratio ranging from 1.6 to 2.2. A ratio of 1.5
for MVK/MACR would be expected from the OH radical-initiated reaction of isoprene if
negligible further reaction of MVK and MACR occurred, while at steady-state this ratio
would be expected to increase to 2.4 (Atkinson, 1997). Thus the daytime MVK/MACR
ratio at the mountain sites is consistent with the source of MACR and MVK being
photooxidation of isoprene (Montzka et al. 1993, 1995).

In contrast to the mountain sites, at Azusa, Banning, and LA North Main the
MACR and MVK levels generally exceeded those of isoprene. The isoprene, MACR
and MVK values for the Sept. 4-7 intensive are shown in Figures 6-7 and 6-8 for
measurements taken at Azusa and Banning, respectively.  The ratios of MVK/MACR
were generally similar at Azusa during Intensives 2 and 4, but unusual ratios occurred
during Intensives 3, 5 and 6. For example, high MVK values at Azusa producing high
MVEK/MACR ratios were observed on Sept. 28 and Oct. 4 both for the 0300-0600
sampling period. These data suggest that a source other than the photooxidation of

isoprene may exist for some of the MVK observed at Azusa, at least during certain
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sampling periods.  Further interpretation of these data may be possible when the

anthropogenic VOC data for Azusa and Banning become available.

6.6  Conclusions and Implications
Isoprene concentrations were highest at the two mountain sites, Pine Mtn. and

Mt. Baldy, and showed very pronounced diurnal profiles consistent with light-dependent
biogenic emission sources. The maximum isoprene concentrations observed at these sites
were 2.2 and 2.3 ppbv. At the mountain sites during the daytime, the isoprene values
generally exceeded the MACR and MVK  concentrations and the MVK/MACR ratios
were consistent with their source being photooxidation of isoprene.

In contrast to the mountain sites, at Azusa, Banning, and LA North Main the
MACR and MVK levels generally exceeded those of isoprene, reaching combined MACR
+ MVK values of 4.9, 5.3 and 2.2 ppbv, respectively. The isoprene concentrations were
generally highest during the daytime at these sites, but did not decrease at night as much as
at the mountain sites. Occasional, unusual MACR/MVK ratios at Azusa and Banning
suggest potential anthropogenic sources for these compounds, and the anthropogenic VOC
data from these sites should facilitate further interpretation of the data for isoprene and its

atmospheric reaction products.
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Table 6-2.  Average mixing ratios for isoprene, methacrolein, and methy! vinyl ketone
at Azusa.

AZUSA Date Sampling Isoprene MACR MVK
ppbv ppbv ppbv

Aug 4-6, 1997 8/4/97 0600-0900 0.23 0.09 0.46
B/4/97 0907-1206 0.52 0.47 0.77
8/4/97 1306-1603 0.46 051 0.92
8/4/97 1700-2000 0.75 0.71 1.06
8/4/97 2006-0300 0.16 0.34 0.59
8/5/97 0307-0600 024 1.01 0.58
8/5/97 0618-0900 0.47 0.82 1.73
8/5/97 0907-1202 0.66 0.74 1.61
8/5/97 1300-1600 0.61 0.70 1.49
8/5/97 1701-2000 0.73 0.46 0.72
8/5- 8/6/97 2005-0300 0.44 041 1.20
8/6/97 0306-0600 0.23 0.62 0.90
8/6/97 0616-0900 0.37 0.60 1.24
8/6/97 0906-1200 051 0.35 0.75
8/6/97 1300-1600 0.51 0.44 0.81
8/6/97 1700-2000 0.40 0.15 0.23
Aug 22-23, 1997 8/22/97 0318-0600* 0.24 029 0.53
8/22/97 0610-0900* 0.21 045 0.77
8/22/97 0905-1157 0.41 0.33 0.69
8/22/97 1210-1500* 0.52 0.44 0.78
8/22/97 1504-1800 0.45 0.69 1.07
8/22-23/97 1815-0300 0.30 3.34 1.52
8/23/97 0304-0600 0.25 0.55 0.98
8/23/97 0615-0900* 0.26 0.70 0.94
8/23/97 0903-1200 0.51 0.53 0.74
8/23/97 1208-1500 0.31 049 0.82
8/23/97 1505-1800* 0.37 0.46 0.70
Sep 4-7, 1997 9/4/97 0300-0600 0.28 0.89 1.29
9/4/97 0606-0900 0.22 0.55 0.56
9/4/97 0904-1200 0.57 0.46 1.54
9/4/97 1300-1600 035 0.62 1.00
9/4/97 1700-2000 0.61 0.40 0.50
9/4/97 2014-2400 0.13 0.26 0.25
9/5/97 0006-0300 0.06 0.17 0.26
9/5/97 0305-0600 0.06 0.16 0.25
9/5/97 0615-0900* 0.17 048 0.38
9/5/97 0903-1200 0.43 0.57% 0.98*
9/5/97 1300-1600 0.31 0.39 1.01
9/5/97 1700-2000 0.37 032 041
9/5/97 2006-2400 0.18 0.58 0.57
9/6/97 0008-0300 0.11 0.22 0.28
0/6/97 0306-0600 0.09 0.30 0.36



Table 6-2.  (Continued)

AZUSA Sample Date Sampling Isoprene MACR MVK
ppbv ppbv ppbv

9/6/97 0615-090C 0.15 033 0.27
9/6/97 0903-1200 0.35 0.50 0.65
9/6/97 1300-1600 0.29 0.44 0.88
9/6/97 1700-1959 0.29 0.32 0.50
9/6/97 2010-2400 0.08 0.16 0.18
9/7/97 0005-0300 0.11 0.21 0.23
9/7/97 0306-0600 0.11 0.30 0.52
9/7/97 0604-0900 0.13 0.35 0.31
Sep 28-29, 1997 9/28/97 0301-0600 0.15 0.28 231
9/28/97 0609-0900 0.23 0.31 0.53
9/28/97 0904-1200 0.50 0.37 0.83
9/28/97 1300-1600 042 0.41 0.68
9/28/97 1700-2000* 0.34 0.25 0.31
9/28-29/97 2015-0300 0.07 0.19 0.23
9/29/97 0310-0600 0.13 0.36 0.29
9/29/97 0616-0858 0.30 0.44 0.65
9/29/97 0900-1200 0.37 0.30 0.46
9/29/97 1300-1600 0.38 0.61 0.74
9/29/97 1700-2000 0.44 022 0.40
Oct 3-4, 1997 10/3/97 0301-0600 0.06 0.13 0.26
10/3/97 0614-0900 0.06 0.07 0.12
10/3/97 0904-1200 0.12 0.10 0.22
10/3/97 1300-1600 0.21 0.19 0.38
10/3/97 1700-2000 Q.15 0.15 0.44
10/3-4/97 2011-0300 0.06 0.19 0.50
10/4/97 0304-0600 0.12 0.18 0.99
10/5/97 0612-0900 0.07 0.08 0.26
10/4/97 0901-1200 0.16 0.16 0.36
10/4/97 1300-1600* 0.24 0.29 0.64
10/4/97 1700-2000 0.14 0.11 0.22

*Single sample value reported. See Appendix for details.



Table 6-3.  Average mixing ratios for isoprene, methacrolein, and methyl viny! ketone
at Pine Mtn. and Mt. Baldy.

PINE MTN. Date Sampling Isoprene MACR MVK
ppbv ppbv ppbv

Aug 4-6, 1997 8/4/97 1710-2000 221 0.91 1.58
08/4-08/5/97  2025-0259 0.03 0.58 1.11
8/5/97 0314-0559 0.04 0.14 0.25
8/5/97 0617-0858 1.96 0.09 0.16
8/5/97 0911-1200 1.00 0.33 0.83
8/5/97 1302-1600* 0.59 0.46 0.71
8/5/97 1700-2000 1.09 0.44 0.72
8/5/97 2015-0255 0.08 0.08 0.19
8/6/97 0310-0600 0.03 0.03 0.07
8/6/97 0615-0900 0.80 0.07 0.14
8/6/97 0915-1200 0.41 0.19 0.36
8/6/97 1300-1600 0.62 0.59 1.03
Sep 4-7, 1997 9/4/97 1702-2000 0.41 0.52 0.72
9/4/97 2008-2400 0.03 0.33 0.54
9/5/97 0010-0338 0.02 0.10 0.16
9/5/97 0349-0600 0.02 0.09 0.18
9/5/97 0615-0900 0.63 6.10 0.20
9/5/97 0908-1200 0.93 0.21 0.38
9/5/97 1300-1600 1.71 1.07 1.38
9/5/97 1700-2000 0.59 0.30 0.49
9/5/97 2007-2355 0.03 0.26 0.39
9/6/97 0000-0255 0.02 0.10 0.17
9/6/97 0301-0600 0.03 0.10 0.14
9/6/97 0610-0900 0.48 0.08 0.16
9/6/97 0905-1200 0.60 0.17 0.17
9/6/97 1300-1600 1.58 0.25 0.35
9/6/97 1700-2000 0.55 0.33 0.54
9/6/97 2007-2355 0.05 0.18 0.26
9/7/97 0000-0255 0.03 0.16 0.24
9/7/97 0300-0555 0.05 0.10 0.15
9/7197 0600-0900 1.88 0.10 0.21
Sep 28-29, 1957 9/28/97 0904-1200 1.90 0.23 0.40
9/28/97 1300-1600 1.17 0.37 0.93
9/28/97 1700-2000 227 0.40 0.85
9/28-29/97 2005-0300 0.08 0.24 0.47
9/29/97 0307-0600 0.06 0.06 0.17
9/29/97 0606-0900 0.65 0.06 0.15
9/29/97 0903-1200 1.84 0.27 0.63
9/29/97 1300-1600 1.07 0.29 0.61
9/29/97 1700-2000 1.92 0.39 0.79
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Table 6-3.  (Continued)

MT. BALDY Date Sampling Isoprene MACR MVK
ppbv ppbv ppbv

Oct 3-4, 1997 10/3/97 0619-0900 0.42 0.02 0.12
10/3/97 0903-1200 1.38 0.13 0.28

10/3/97 1301-1600 1.23 048 1.01

10/3/97 1703-2003* 1.29 0.37 0.72

10/3-4/97 2010-0302 0.05 0.13 0.26

10/4/97 0310-0601 0.04 0.06 0.11

10/4/97 0612-0900 0.26 0.04 0.10

10/4/97 0903-1200 1.53 0.12 0.25

10/4/97 1300-1600 0.88 0.32 0.75

10/4/97 1700-2000 1.29 0.36 0.66

*Single sample value reported. See Appendix for details.

Table 6-4.  Average mixing ratios for isoprene, methacrolein, and methyl vinyl ketone
at Banning.

BANNING Date Sampling Isoprene MACR MVK
ppbv ppbv ppbv
Aug 4-6, 1997 8/4/97 0600-0855 0.25 0.14 0.33
8/4/97 0902-1157 0.06 0.09 0.19
8/4/97 - - - -
8/4/97 1504-1800 0.21 0.12 0.28
8/4-5/1997 1807-0255 0.08 035 0.68
8/5/97 0303-0550 0.02 0.16 0.26
8/5/97 0604-0855 0.33 0.20 0.31
8/5/97 0901-1153 0.08 0.07 0.15
8/5/97 1159-1452 0.10 0.04 0.11
8/5/97 1458-1800 0.13 0.07 0.13
8/5- 8/6/97 1816-0255 0.07 0.22 0.39
8/6/97 0301-0550 0.01 0.04 0.10
8/6/97 0605-0855 0.02 0.02 0.04
8/6/97 0901-1150 0.02 0.02 0.05
8/6/97 1155-1455 0.03 0.02 0.06
8/6/97 1500-1800 0.18 0.05 0.16
Aug 22-23, 1997 8/22/97 0600-0855 0.12 0.07 0.36
8/22/97 0900-1155 0.27 0.10 0.26
8/22/97 1200-1455 0.20 0.09 0.23
8/22/97 1500-1800 0.28 0.14 0.32
8/22-23/97 1813-0300 0.08 237 293
8/23/97 0303-0555 0.01 0.16 042
8/23/97 0603-0900 0.14 0.12 027
8/23/97 0903-1200 0.22 0.07 0.18
8/23/97 1202-1500 0.20 0.05 0.12
8/23/97 1502-1800 0.22 0.07 0.25
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Table 6-4.  (Continued)

BANNING Date Sampling Isoprene MACR MVK
ppbv ppbv prbv

Sep 5-6, 1997 9/5/97 0600-0855 0.12 0.21 0.39
9/5/97 0900-1155 0.19 0.09 021

9/5/97 1158-1458 0.17 0.03 0.11

9/5/97 1501-1800 0.17 0.18 0.59

9/5-6/97 1824-0257 0.05 045 0.53

9/6/97 0308-0550* 0.01 0.29 0.29

9/6/97 0610-0855* 0.10 033 0.44

9/6/97 0900-1158 0.03 0.05 0.14

9/6/97 1202-1458 0.12 0.04 0.11

9/6/97 1502-1800* 0.21 0.06 0.18

Oct 3-4, 1997 10/3/97 0600-0858 0.05 0.08 0.25
10/3/97 0900-1158 0.06 0.07 0.14

10/3/97 1200-1458 0.03 0.03 0.08

10/3/97 1500-1800 0.19 0.15 0.36

10/3-4/97 1807-0258 0.04 0.14 0.18

10/4/97 0300-0553 0.04 0.18 032

10/4/97 0601-0858 0.10 0.16 (.29

10/4/97 0900-1158 0.14 0.10 0.30

10/4/97 1200-1458 0.12 0.10 0.28

10/4/97 1500-1800 0.11 0.16 0.46

*Single sample value reported. See Appendix for details.

Table 6-5.  Average mixing ratios for isoprene, methacrolein, and methyl vinyl ketone
at Los Angeles, North Main Street.

LOS ANGELES N. Date Sampling Isoprene MACR MVK
MAIN ST. ppbv ppbv ppbv
Aug 22-23, 1997 8/22/97 0558-0855 037 0.77 0.50
8/22/97 0900-1155 0.11 1.26 0.98

8/22/97 1202-1457 021 049 0.67

8/22/97 1500-1755 0.17 0.27 0.47

8/22-23/97 1806-0556 0.23 0.28 0.41

8/23/97 0605-0857 021 0.4 0.44

8/23/97 0900-1156 0.12 0.33 0.73

8/23/97 1202-1458 0.15 0.39 0.82

8/23/97 1500-1800 0.21 0.27 0.50
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Table 6-6. Isoprene intercomparison sample results.

Sample no. mg/m’ ppbv
1 15.77 5.19
2 14.83 4.88
3 16.70 549
4 16.57 545
5 17.54 577
Average 163 5.4

Standard dev. (1s) 1.0 03

Relative st. dev. (%) 6.3 6.3
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7.0 SUMMARY AND CONCLUSIONS
7.1  Isoprene Emission Rate Measurements: Taxonomic Method

Data from the present study for more than 60 plant species represent a significant
expansion of the published isoprene emission rate database, and will be useful for
building BHC emissions inventories in California, as well as other regions where these
plants are found. Based on the present measurements, the taxonomic method proposed
by Benjamin et al. (1996) is seen to work well for isoprene in most cases investigated,
particularly at the genus level. However, there are important exceptions and the most
troublesome genus for taxonomic predictions at this time (from both the present study
and published literature) is Quercus (oaks). Further characterization of this genus is
recommended. Oaks are important for BHC emission inventories in California because
of their wide distribution in both urban and natural settings, and their high leafmass. In
this study we have reported isoprene emission rates for four additional native oak species.

Given the enormous number of plant species in California and worldwide, a
reference framework for understanding and categorizing emissions rates, and for
assigning rates to unmeasured species, will be necessary. Within an order of magnitude
uncertainty for families (Benjamin et al. 1996) and for many genera within factors of two
to five, or even +50% as shown in the present study (see below), plant taxonomy appears
io be a reasonable framework for organizing isoprene emission rate information, and
taxonomy seems to be increasingly useful when descending to the lower levels of
hierarchical classification (i.e. to subfamilies and genera). As Benjamin et al. (1996)
emphasized, the taxonomic relationship they proposed to meet this need is possible
because there is a range of almost four orders of magnitude in emission rates of isoprene
from the lowest to the highest emitting plant species. With the important exceptions
noted, the data developed in the present study support the taxonomic predictive
methodology for isoprene, especially if previous measurements within specific families,
sub-families, genera and species are considered and compared (see below), and the resuits

of such assignment treated with proper caveats.
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7.1.1 Emission Rates: Family and Genus-Level Results
All plant species sampled within 19 of the families investigated in this study had

isoprene emissions below detection limit. These results are consistent with the literature
cited in Benjamin et al. (1996) for ten families, including Anacardiaceae (cashew),
Betulaceae (birch), Bignoniaceae (bignonia), Caprifoliaceae (honeysuckle), Compositae
(composite), Cupressaceae (cypress), Juglandaceae (walnut), Lamiaceae (mint), Oleaceae
(olive), Rosaceae (rose) and Taxodiaceae (bald cypress), all of which may be regarded as
containing mostly, if not all, negligible-emitters. These results are important because the
Rosaceae and Compositae in particular are very large families, well-represented in
agriculture, native plant communities and urban landscapes.

Certain families appear to contain predominately negligible emitters, but with
several moderate or high emitters, while other families seem to be dominated by plants
emitting isoprene at moderate-to-high rates, such as the Palmae family (palms), or high
emissions rates, such as the Salicaceae family (willows and poplars.) .

For 13 of 19 “predictions” found in Benjamin et al. (1996) isoprene emission rates
measured in the present study were within +50% of the predicted rate. Nine of the nine
species expected to have zero isoprene emissions were measured as BDL. By
considering subfamily taxonomy of the Leguminosae, the predictive accuracy (+50%)
rises to 15 of 19 species. If oaks are not considered, since Quercus is so variable, the
proportion rises to 14 of 16. Thus the taxonomic approach is seen to work particularly

well at the genus level, with a few important exceptions.

7.1.2 Species Selection for Large-Scale Planting Programs
Among the oaks, preference for planting species with low isoprene emissions

rates and low OFP may offer horticultural benefits in addition to reduction of BHC
emissions. For example, many of the eastern North American deciduous oak species,
such as Q. borealis (northern red oak), Q. coccinea (scarlet oak), Q. palustris (pin oak)
and Q. rubra (red oak) display chlorotic foliage and lack vigor, typical symptoms of iron
deficiency. However, other oak species, such as Q. suber (cork oak), have negligible

isoprene emission rates and possess desirable horticultural characteristics, including
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tolerance to alkaline soils. Therefore, the latter are better choices for many California
landscapes than are oak species native to the eastern United States.

In any large-scale tree planting program, it is important to include the ozone-
forming potential of specific plant species (Benjamin and Winer 1998) along with other
criteria for plant species selection, such as adaptability, pest resistance, irrigation

requirement, aesthetic qualities and other horticultural and landscape factors.

7.2 Leafinass and Leaf Area Relationships Determined from Sampling and Whole-

Tree Harvest: Implications for Leafmass Estimation Methods
Results from this study suggest leafmass estimates developed for individual trees

through a volumetric approach may generally be within approximately 50% of actual
values. Summation of leafmass estimates generated using the preferred solid, vertical
ellipsoid and sphere solid for all 21 trees in this study gave values within 20% of the
measured total leafimass. Although use of the sphere solid resulted in a total leafmass
value within 10% of the measured total leafmass, data for individual trees using a sphere
solid were more scattered than those for the vertical ellipsoid, which was judged to be the
best solid overall for modeling tree crowns in this study.

A volumetric approach may not precisely account for clumping of tree foliage and
the change in leafmass density as tree crowns expand and mature, especially for larger
species. Despite these limitations, a volumetric approach to estimating leafmass may
have particular utility in California because of the enormous number of both native and
introduced tree species and the moderate size of many trees as compared to the mature
urban forests found in the eastern United States. Also, a further advantage of a
volumetric method is its applicability to shrubs.

Based on results from the present study, literature values for experimentally-
determined leafmass constants appear to be reasonably accurate for the species tested.
However, a larger dataset including additional tree species is needed to more accurately
quantify leafmasses of urban trees and to better understand structural class values.

In urban areas with subtropical climates, including many cities of California,
deciduous tree species are mingled with broadleaf evergreen species. Mean values of

Jeafmass per unit area of crown projection for such species in the present study were
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factors of 2 to 5 higher than leafimass per unit ground area data cited in the literature for
eastern deciduous forests. Thus, leafmasses may be underestimated for trees in many of
California's urban areas if calculations based on areal coverage and literature data do not
take into account this difference. In summary, despite more limited areal coverage than
natural forests, urban areas may contain a disproportionate density of leafmass when

compared to natural vegetation due to irrigation and fertilization in urban landscapes.

7.3 Field-Survey Assessment of the GAP GIS Database in Natural Vegetation Areas

of San Diego Coun
The four classes of information predicted by the GAP database useful for the

development of a BHC emissions inventory are crown closure within a polygon, cover of
species assemblages within a polygon, species composition within an assemblage, and
abundance of species within an assemblage. Crown closure within a polygon as predicted
by the GAP database was generally consistent with our field observations. The accuracy
of areal cover of GAP species assemblages within a polygon could not be assessed in this
study, because the GAP database does not delineate the boundaries of primary versus
secondary assemblages within a polygon. However, the species assemblages data in GAP
might be expected to have the same degree of accuracy as the crown closure data.

About 60% of the co-dominants listed in the GAP database for the polygons
studied were observed in our field survey in large enough proportions to justify their co-
dominant designation. Field observation agreement with GAP was more common in
polygons dominated by forests and woodlands than in polygons dominated by chaparral
and sage scrub.

GAP co-dominants provided 60-85% of the observed relative cover. However,
the observed abundance of individual GAP co-dominants within a polygon was not
evenly distributed among the listed species in the GAP database. Often, one or two co-
dominants occupied the majority of the assemblage and the polygon.

It is important to note that biomass as derived from crown volume cannot be
determined solely from data contained within the GAP database. Auxiliary data, either
from field studies or from the literature, are needed to account for the 15-40% of the
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relative cover attributable to species whose identity cannot be determined from the GAP

database, as well as to estimate crown volume and biomass using GAP.

74  Ambient Measurements of Isoprene and Its Atmospheric Reaction
The highest isoprene mixing ratios during SCOS 97 were found in samples from the

two mountain sites, Pine Mtn. (2.2 ppbv on August 4) and Mt. Baldy (2.3 ppbv on
September 28) in late afternoon/early evening samples. At Azusa the highest mixing ratios
for isoprene were generally in the range 0.5 — 0.8 ppbv. Thus, the highest values at the
mountain sites were three to four times higher than the maximum mixing ratios observed at
the urban valley site. The maximum isoprene values at the Banning site in the eastern
portion of the air basin were 0.2 —0.3 ppbv, consistently lower than at the other sites.

Consistent with light-dependent biogenic sources, the lowest values for isoprene
were usually measured during nighttime. However, the difference between day and night
was most apparent at the mountain sites, where the daytime values ranged between 0.4 —
2.3 ppbv and the nighttime values did not exceed 0.1 ppbv. At Azusa and Banning the day-
night variation was much less pronounced.

The highest mixing ratios for methacrolein and methyl vinyl ketone observed at
Azusa were up to 3.3 ppbv and 2.3 ppbv, respectively, and at Banning highest values
were 2.4 ppbv and 2.9 ppbv, respectively. At Pine Mtn. and Mt. Baldy the highest values
for MACR were measured in the afternoon/early evening reaching 1.1 ppbv and 0.5 ppbv,
respectively, and the highest values for MVK were 1.6 ppbv and 1.0 ppbv, respectively.

At the mountain sites during the daytime, the isoprene values generally exceeded
the MACR and MVK concentrations, while during the nighttime the isoprene values
were <0.1 ppbv and the combined MACR and MVK levels reached 1.7 ppbv. The
daytime MVK/MACR ratios at the mountain sites were consistent with the source of
MACR and MVK being photooxidation of isoprene.

In contrast to the mountain sites, at Azusa, Banning, and LA North Main the
MACR and MVK levels generally exceeded those of isoprene. A source other than the
photooxidation of isoprene may exist for some of the MVK observed at Azusa, at least

during certain sampling periods.

7-5






8.0 RECOMMENDATIONS FOR FUTURE RESEARCH
8.1  Background '

As discussed above, quantifying BHC emissions and understanding the
atmospheric reactivity of isoprene, monoterpenes and other BVOC are critical elements
in the development of effective ozone attainment strategies. ARB-funded research has
produced a wealth of data related to biogenic hydrocarbon emissions in California and
substantial progress has been made in characterizing the atmospheric chemistry of BHC.
However, even allowing for the fact not all plant species emit significant quantities of
BHC, because of the enormous diversity and complexity of California’s vegetation (i.e.
6000 species), as well as the large areal extent of its arsheds, substantial gaps remain in
the data needed to produce gridded, speciated, day-specific BHC inventories for the entire
state.

For example, to date less than 5% of all California plant species have undergone
even qualitative measurements of BHC emissions. Although a taxonomic predictive
method recently proposed from this research group shows promise, additional validation
is needed to place such a system on a robust statistical foundation. Similarly, to date less
than 1% of Califomnia species have had experimental leafmass-to-volume ratio
determinations. Although additional data, some from the first systematic whole tree
measurements ever conducted for urban species, were produced from the current project
described in this report, these data have not yet been tested on the basis of taxonomy or
structural class to permit more accurate extrapolation to the more than 95% of California
plant species for which no data are available. The lack of such species-specific leafmass
measurements has forced the use of structural class averages for recently generated BHC
inventory estimates for Ventura and Santa Barbara Counties, an unsatisfactory approach.
Of particular concern for natural plant communities are oaks which are high isoprene
emitters and, given their populations and biomass, are a dominant genus of trees in
California in producing BHC fluxes. Whole tree leafmass is not well characterized
among oaks, especially for oaks in rangeland settings.

Assignment of spatial allocation of vegetation and species identity (i-e.
characterization of composition and dominance) may be the weakest link in the entire

BHC inventory development process at this time. Newly available GIS-based landcover
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databases such as GAP may be a valuable source of plant species identity and
distribution. However, apart from the limited prototype study being conducted in San
Diego County as part of our present ARB study, we are unaware of any large-scale
attempts to validate the GAP database for California, and certainly this has not been done
for the purpose of assembling BHC emission inventories. Nor has this been done for the
USGS vegetation database. Moreover, plant communities in California are unlike those
of eastern temperate forests, differing both quantitatively and qualitatively, requiring
caution in applying data from the eastern and northwest regions of the U.S. to California.

It must be emphasized that only with the development and validation of the
databases described above, can reliable spatially- and temporally-resolved BHC
emissions models be developed for the rest of California, comparable to the inventory we
have developed, with partial ARB support, for the South Coast Air Basin (Benjamin et al.
1997).

Additional study is needed in four key areas, including qualitative measurements
of total BHC emissions from a large number (i.e. several hundred) of California species
not previously measured for BVOC emissions; leafmass-to-volume relationships for key
California species, including oaks in rangeland communities; ground-based assessment of
the GAP GIS vegetation database for the California Central Valley and other important
airsheds; and further development of predictive methods for species-specific emissions
and biomass. Moreover, further development and refinement of the initial methodology,
created with ARB support, for development of a BVOC emission inventory for the
SCOS97 Study domain is needed. The intent is to produce a methodology suited to the
creation of a statewide BHC emission inventory.

The data and methods generated in such research program could then be used by
ARB to evaluate and improve current BHC emissions models in use by ARB, and to lay
the foundations for assembling gridded, speciated, hour-specific BHC emissions

inventories for California’s airsheds.
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8.2  Specific Recommendations
The specific recommendations for future BHC research relevant to California are to:

e Experimentally survey the total BHC emissions for at least 300 key California
plant species not previously measured, using a PID system to identify emitters vs. non-
emitters of BHC. Use of a PID would allow rapid surveying of a much larger number of
species than has been possible with either a Teflon enclosure or leaf cuvette approach.
Emphasis should be on suspected “high” emitters of either isoprene, monoterpenes,
sesquiterpenes or oxygenated BHC, and on plant species which can provide further tests
and validation of our taxonomic approach to predicting BHC emission rates. The data
generated in such a study would be directly useful for emission inventory building,
particularly since it would readily identify “non-emitting” plant species.

e Develop and test taxonomic and structural class methodologies for estimating
leafmass constants, including evaluation of precision and accuracy of the resulting
predictive methods. This study would extend our recent research on quantitatively
evaluating various methods for estimating foliar biomass by experimentally measuring
leafmass, including for whole trees, and comparing experimental data for representative
tree species to estimates obtained from literature algorithms and volumetric methods.

e Conduct biomass sampling among high-emitting oak species in rangeland
environments to develop statistically robust data on leafmass per volume ratios, including
whole tree sampling. This research would focus specifically on one of the most
important genera for natural landscapes in California, the very high isoprene emitting oak
species, which can dominate isoprene inventories in certain airsheds. Lack of reliable
biomass constants for oaks has been a weakness in past BHC inventories in California.

e Conduct a quantitative, field-based analysis of the GAP GIS landcover
vegetation database for the San Joaquin Valley. This task would extend to the Central
Valley our research on the validity of the GAP database for portions of the SCOS97
domain, conducted at the request of the ARB. In our present project we have developed
and refined a field-based protocol for experimentally evaluating the reliability of GAP
and for obtaining field data needed to convert the “flat” GAP landcover map to a three

dimensional map permitting estimation of biomass.
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APPENDIX B

Leaf Areas and Leafmasses of Trees, Shrubs and Selected
Herbaceous Plants, With Calculated Specific Leaf Weight
and Specific Leaf Areas and Location Within the Plant
Crown Where the Sample was Taken
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APPENDIX C

Detailed Data from Field Survey of Natural
Vegetation in San Diego County



Surpunor o1 anp UMOYS S[E10} 03 Ppe Jou AR |

001 691¢S 001 000EI 00T 00061 001 0000 001 000€1 001 OQ0FE O0F 00€S 00T 00T JEI0L
0 T 0 0 0 0 0 z 0 F4 0 0 0 0 0 2 WNIDINDIOSDf DUIOISOUIPY
0 11 0 11 0 0 0 0 0 £1 0 £1 0 0 0 0 SIULIBPOING] SHfJOUDS))
0 9 0 0 0 92 0 0 0 €€ 0 0 1 £€ 0 0 1318utud sopdydpisopty
0 I 0 0 61 0 0 0 £5 I 87 I ¥ 0 0 snui.a32)u1 SHYIOUDAD)
I 08 0O 0 T 09¢ 0 £l I 6L 0 0 1 890 0 11 1UBZYSIM SHILONG
1 08 1 08 1 082 o0 €1 € o v O£ S 06T 0 €I Sap10fmaq SNA4DI02.42))
§ 00ST € O0EE S 000L 9 00TI ¥ 0ES T £L v 081 L OLT SUDLINIIP SRAPIDOIV))
S Q08T TT 008 O 0 0 0 S 019 8 019 0 0 0 0 L3309 snuild
1 09 7 00T T 0S¢ O  6f S Q0L Ol 0SE 9 Ok O £l v}jofipriaq.ioq SRoLING
1 ovS € OopE O 0 T 007 9 09L LT 08§ O 0 v 081 sua3und sop(ydvisoroay
Ol 00€S +1 0081 O 0 LT 00S€ 0T 00€l T¢I 0ty O 0 ¢ 056 D1j0f148 sn24on{
61 0086 OF O008€ 6 QOLI 1T O00¢y 81 00€C ST Ov8 ZI  Ob9 0T 098 nadoay snauangy
87 000PI LT OObE O 98 ¥S O000TY 81 QObT 11 068 1 LT 9% 000T Moffaf smug
62 000S1 0O 0 08 0001 O 0 6 00LE O 0 0L 00LE O 0 sidajosdayo snaaon(y
%) @) (%) (@ (%) W) (%) ) G ) (%) @ ©%) W (%) W

JeoL ¢ weg Z wag 1 worg Juol, € WAy T wad 1 wd[g satoadg

WO A UMOI)

25RISAQ)) [BAIY

“JOA09 [eaIR [10) SUISEa103p Aq palopio [ uodAjod ul sjuawofe odwes ay)

UIYIIM UONRIOF0A AI0JSISA0 JO SWIMOA UMOID PuE ‘95RIA02 [Bale ‘Uonisodwiod sarads *-D dqBL



Surpunoz 0} anp UMOYS S[E10) 0) PPE 10U KB ,

001 000LZ 001 00LF OO1 00011 00f 000ZI 001 00L6 00T 00LC 001 O00LE 001 O0O€EE ° JeoL
0 0 0 0 0 0 0 0 0 1 0 ) 0 I 0 0 vIDqO 4 STy
0 Lz 0 0 0 0 0 Lz 0 8 0 0 0 0 0 8 01]0f143D sn2LINY
0 ST 0 0 0 0 0 sz I v 0 0 0 0 1 Ly Dijofion1 snuwnyy
0 Ol 0 W 0 ol 1 06 T oz 1 ¥t 1 6l S oLl 12)3u1d sojkydvisojoay
0 66 0 0 I 6 0 0 T 0T 0 0 9 0£Z O 0 DIDJUIPLY} DISHUIILY
0 o1 1 06 1 8 O 0 € 0ST T vS § 00T O 0 1133243 snyjpouna)
6 00ST O 0 I 00S1 6 0001 S 0s¥ O 0 L 09T 9 061 1421102 snuid
1 osz € 0SL 1 00l O 0 S 00§ T 06 9 00T O 0 wmpnoLISf DUMOISOUIPY
zZ oy 1 8 T 0sT 1 oIl § 0L T T9 €1 o06v L 0T sapiopmaq sndip202.437)
7 08 8 o00F 1 091 O LT O O¥6 ST 069 9 0IZ 1 174 1ouppd snyiouva)
7 09 L 06 T 0T 1 €9 €1 00ZI 1T OLS #1 0Z6 ¥  Of} D10fipriaqiaq SHOLING

0f 0008 11 OIS €C 00¥Z +®F 00IS 81 00L1 S Ob1 6 0S¢ 6 00tl 1o4ffof snurd
76 000VT 69 00ZE S 0065 b O00IS  ¥E€ Q0EE €€ 088 €€ 00T Lf  00TI ndojpay sno4onj
%) W) (%) W (%) W) @) ) %) @) %) W %) @) (%) W)
Jeol, £ Wy Z worg § wayg JEIoL ¢ unlg IAE | ] we[g saroadg
UWM[OA UMOI)) a8eI0A0)) [EAY

*JOA0D [BaIE [210) SuISBaI0ap Aq pa1apio 74 uodAjod ur sjuatisfd apduwres a1}
UIyim uoneRdaA AI0JSISA0 JO SWUN[OA UMOID PUE ‘DFBISA0D [d1e ‘uonisodwos sa10adg *Z-D dqel



Suipunos 0) onp wMoYs s[€)0) 0} ppe Jou Aey |

001 000IT 00T 00011 001 00.9 00T 009¢ 00T 00SL 001 009¢ 001 0097 001 00l Jei],
0 0 0 0 0 0 0 0 ) 0 0 0 0 0 0 0 sHLiDdOIs SMoTy
0 0 0 0 0 0 0 0 0 1 0 I 0 0 0 0 DI0dsgns D210
0 I 0 I 0 0 0 0 0 r4 0 z 0 0 0 0 uin100apul Saq1y
0 £ 0 0 0 £ 0 0 0 £ 0 0 0 £ 0 0 sidajorsv] x1pg
0 I 0 1 0 0 0 0 0 14 0 2 0 0 0 0 DIIULOfiDI DISIUIILY
0 ol 0 0 0 0l 0 0 0 o1 0 0 0 o1 0 0 DILOfiIDD SnuDYY
0 I 0 0 0 T O 0 0 o1 ] 0 0 01 0 0 DANAOf}DO sniadiung
0 L 0 9 0 I 0 0 0 St ) €1 0 rA 0 0 oijoftons snumpyy
0 €1 0 9 0 0 0 L I 0S 0t 0 0 £ of DIDqOjLLE Sniy
0 65 I 66 0 0 0 0 1 $ z $§ 0 0 0 0 SIU42POIND] SHYIOUDD))
0 81 0 0 0 81 0 0 AN 14 0 S 0TI 0 0 2D BIHA WNIGRLIDW
€ 099 ¥ O € 060 O S T 091 ¢ ou1 1 1€ 0 S 133oppay snaaong)
0 29 0 o€ 0 ZE 0 0 € 00 € 0U ¢ 08 0 0 syjou sodivarioydudy
0 8 o0 01 1 IiL 0 1 ¥y o0£f 1 or 11 08T O 9 wnIpno1osof wnuoSor
0 08 0 ot 1 oL 0 0 S 09 I € 7 0IE 0 ) pupidp vIApDS
T 0TS 1 ovl 1 S¢ 6  Of€ L 06F T L8 T v LT 09€ vsofnpun|3 sojydoisooy
T 0L £ O 0 0 0 0 71 006 ST 006 O 0 0 0 WnIDN1SDf DULOISOUSPY
LE 00LL 0S5 00¥S T1 008 €b 00SI 9¢ 0007 SE OOEl 11 082 1€ OlY vi0fid8p snouangy
S 00011 O OQ0FF 18 OQOPS S8b 0QO0LI 8 008 9T 0Z6 vS ooyl 6f 0TS nuuvwia3U SH242NY
%) (@) (%) () %) W % @@ G @ G W) G @ %) )

JeoL € Wy Zwarg ] Wold Jeol ¢ warg 7wl ] Wwaiy sopoadg

auWIN[o A UMOID 25e10A0)) [21Y

"IA00 [eaIe (810} SulseaIoap Aq paiopio |\ uodAjod ur sjuswals spdures oy
UIY}IM U0T1BI9Z9A AJOISIOA0 JO SWUN[OA UMOID pUe ‘08819400 [eaie ‘uoriisoduwod sapadg €= dlqeL



Suspunoa o} Snp UMOYS S[ej0) 0) ppe Jou KB |

001 0009 001 00011 001 000%1 001  00L9 001 0007 001  QOLT JEI0L
0 1 0 1 0 0 0 4 0 7 0 0 STULL2 82711 ShYIoUDa))
0 T 0 (4 0 0 0 9 0 9 0 0 pioordsqns v4321u07
0 [4 0 1 0 0 0 L 0 L4 0 4 wngpno1osof wnuodorsy
0 4 0 4 0 0 0 o1 0 o1 0 0 1ayddiym paong
0 L 0 L 0 0 0 I 0 11 0 0 DIOfiINGID $212U0IIPL]
0 L 0 L 0 0 0 11 0 11 0 0 SHUIZPOINS] SHYIOUDI))
0 91 0 01 0 9 0 ¥ 0 ¢l 0 8 ool snumipyy
0 dpo i 9 0 0 1 6t I 6t 0 0 1141024 DALIDD
0 9¢ I 9¢ 0 0 1 18 1 iy 0 0 sapromaq sndun202.43))
0] ol 0 S 0 S 1 Ly 1 1 Y4 1 1A pupidp viAIg
0 9% 0 14 0 0 (4 011 € 011 0 0 WRIDIN2OSHY DWOISOUIPY
0 98 ! 98 0 ] z 0€1 £ (1131 0 0 vsopnpuv]3 sojdydvisooy
L4 006 8 006 0 0 ¢ 081 14 081 0 0 Lanod snuld
€ 08L 9 0L 0 ¥9 £ o1¢ ) 00¢ 0 ¢l DI{0f143p sn2on0
£ 0tL L 0L 0 0 4! 008 0T 008 0 0 110/ip149q2q SN24ING

ST 009 LS 00V9 0 0 1T 00v1 S¢ 00r1 0 0 1330y snotonQy
¥9 00091 0T 00CC 66 000%1 $S 00LE ST 0001 86 00LT nuuDWR3UD SNLING

(%) @ o () (% (W ) @ w @@ (%) (W)

JEIOL [Raad G | 1 Warg JEIOL [ ] 3y saroadg
SWA[OA UMOI) age1aA0)) [BAIY

*13A09 [EoIR [10} SuISea1oop £q paIopio Za uoSAjod ut sjuswafs oduwres ay)
UM UoHE}oSaA KI0ISISA0 JO SWN[OA UMOID PuE ‘55eIo00 [eale ‘Uonisodwod so1oads “p=D) JIqeL



80 - - - 80 0 ! 0 0 0 0 0 0 0 I 1133243 SMi{joUDa))
'l - - 1 - 0 I 0 0 0 0 0 I 0 0 lun4032pul saqry
¥0 0 - $0 - 0 ! 0 I 0 0 0 1 0 0 ds wmpvn
80 - - - 80 0 [4 0 0 0 0 0 0 I [4 DONLIOfi|DD DISIUIALLY
L4 §0 ¥0 14\ - 0 t 0 1 0 1 0 1 0 0 vipndsqns viaouoy
LAY - iy - vo 0 t 0 0 0 0 0 0 ! £ smpdoos snio
Lo - Lo 90 - 0 ¥ 0 0 I € 0 0 0 0 vonv)3 sojdydvisoroLy
01 60 - Lo £l 0 14 0 1 0 0 0 1 0 i DIDAO Sty
LA - - - vl 0 S 0 0 0 o 0 0 [4 s 10]001q $KII0I0|AX
§0 $0 - - - 0 § 1 S 0 0 0 0 0 0 Dazfijjaut DIAIDS
o ¥0 t0 §0 - 0 9 1 ¢ 0 I 0 I 0 0 ds snpnugpy
0 - - - o o 9 o o0 0 0 O 0 T 9 DINLOfIIDD SHIGQDUY
$'0 §0 - 6'0 ¥'0 0 L o0 € 0 0 0 I 1 ¥ 1a)ddiym voong
Sl 91 i - - 0 6 I t I s 0 0 0 0 SHUI2pOINa] SNYIoUDa)
vl 'l - - Sl 1 6 1 14 0 0 0 0 T s DuLRD] DUSOIDI
€1 I'l - 07 - I o0 T 8 0 0 0 T 0 © psopnpun|d sojdydnisoray
€€ Tl - 6’1 97 I 24 o 1 © O 1 S T L D10f143D Sn2UNG
'l - - 01 'l It 0 0 0 0 0 (4 vl [ umotjuf)
v'o €0 ¥'0 s0 14U S | 1 14 0 I 0 [4 t 8 vupidp piafog
Lo 9'0 90 80 - I 91 1 9 1 L 1 £ 0 0 DIOfOI] SRUUDYY
o'l 60 - 60 L'l It 1 L 0 0 1 4 I (4 vijofios snunig
¥l - 91 ¢l - T e 0 0 ré 6 ¥y € 0 0 sapiopmaq sndana0oaa)
€1 g1 $o (4 - ¢ 9% T 8 0 1 S Lt 0 0 vi0finqv SoppuoLIH
(4! £l 11 £l - z (114 I 9 A €1 v Picd 0 0 SNIOfISSDAD SNYIOUDI
Lo ¥o - - Lo £ 9 0 (4 0 0 0 0 0T ¥§ unpinosof wnuosory
Ly Ly - - - S t8 LT €8 0 0 0 0 0 0 Huuvwpa3ua sn24NG
80 Lo Lo 60 01 vE 079 6¢ 00T vt 061 SI 6L LS 091 wnwpnotasnf vuoysouapy
8’1 6’1 9l 0'C 't Py 08 It 091 85 Ott +v9 0t€ ¥ 1 vijofipriaqiaq snaiongy
w @ W@ W W G W % W % W % W (%) W
LJEIOL puwioj gwof gwod [ walg JeoL b Ward £ Warg T Wwa[g ] Waly satoadg

WSOH UMo1D) UBdN

afe1aA0)) J0asuel] owl|

*a31.19A09 j00suen} aul| [e30) Suisearoap Aq parapio 1)) uodLjod ur sjuswa]e sjdwes oy
uryiim uoneagdaa Jo 3oy umord uesw pue ‘9feI1oA00 109suel) aul| ‘uonisodwos seads *¢-D IqeL



SUIpUNOI 0} NP UMOYS S[E)0) 0} PPE 10U AR\ |

Sl 81 [ Ll 'l 001 0081 001 005 001 095 001 00§ 001 087 x[E}0],
0 <0 - - - 0 I 0 1 ¢ 0 0 0 0 0 T umowupy
0 70 - - - 0 1 0 1 0 0 0 0 0 0 DipuoLNw Dafjod
¥0 ¥'0 - - - 0 1 0 1 0 0 0 0 0 0 snso4donbs vipiozogy
W @ W W (% W % @ % @ % W (% W
JEIOL  puljy Wy ZUWe[d JuWely JBI0L ¥ Wayg £ Wl [ 1 wary sarvadg
WSOH UMOI) UZIN a3e12A0)) 1095URI] AULT]

(ponunuod) ‘¢-D) Jqel,



€0 - £0 - - o I o o o6 1 o0 0 0 O b Umonjur)
A A - - - 0o 1 o 1 o0 ©OoO o0 O ©0 O sapiofniaq sndwr02.2)
80 - - 80 - o T ¢ 0 o0 o0 o0 T 0 O DO snunid
¥0 v - S0 4] o ¢ o0 1 o o o 0 o0 O 'ds snpnutpy
€1 - - €1 - 0 ¢ o o0 o0 o0 o0 T 0 O DHOJINGID Sa[ai04IP ]
90 - 9'0 - - o ¢ o o0 1 T o 0 0 O vonLIOfi D2 DIfjaYILIY
90 Lo - ¥'0 - 0o ¢ 0 0 o0 o0 0 T 0 T WnIOUD] DUBISOYILL]
4] 90 - ¥0 £0 0 ¢ o0 ¢ o 0O o0 o0 0 O pipordsqns v4eo1uoT
Vo S0 §0 - v0 o € o 1T o0 1 0 o0 0 I sntapdoos snjo]
§0 - - §0 - ¢ ¥ o0 0 o0 o0 1 ¥ 0 0 Hpup[anala piALog
90 - 90 Lo - 0o ¢ o0 o0 o0 1 I € 0 o WRIOfiSSDAD UOKIIPOLLT
0 S0 o - - 0 S 1 € 1 z 0 0 0 0 sndip20.00ut YDAOP]
€0 - - v S0 6 9 o o o0 o0 O T 1 § viafijjout DIAIDS
90 80 ¥0 90 - 0o ¢ 1 T o0 0 1 § 0 0 vijofio snuwvyy
€0 £0 €0 - - o 6 0 ©0 T 8 O 0o 0 O DIJULOfifDd SINGUAN
Lo Lo 990 L0 S0 I or 1 ¥ o0 T 1 € 0 1 1oyddym voong
I'1 - 01 £l 60 I 01 0 0 H 9 0 € 1 z SIWAaPOIN3] SNYIOUDI)
§0 §0 $0 v'o £0 I 8 0 T T 1 o0 1 T ¥ vupido viajng
90 Lo 9'0 - - I 81 I € £ S1 0 0 0 0 DONLOfiD2 DISTWBILY
Tl 80 - 80 A I ¥ 0 1 0 o o0 1 9 ¢z vsopmpup|3 sopydv)soaly
(A - 'l €1 - [4 6t 0 0 (4 8 9 i€ ¢ 0 snyup3igo snyjouva)
Lo Lo - - - T o 6 O O O 0 0 o0 0 WNSOUnp WNIPLIOAU))
80 - - 60 80 T ¥ 0 0 0 0 T ol 6 ¥t 133243 snijpouva)
91 vl vl 6’1 - v 1L T 6 9 6 9 € 0 0 Dijofip1aqiaq Sno4angQ
1 I'l 01 Al - S I8 T o0 01 9% S sz 0 0 pULIRB] DUSOIOI
i Al $'1 01 1 § 98 ¢ € ¢ Tt 9 o0 9 T DDAO Sy
90 Lo 90 90 80 8 O0S1 ¢+ 61 LI 8 6 v 1 ¥ wnpnotosof wnuodonyg
'l €l 01 €1 - ¥l ObT 0T €8 LT O0ZY L LE 0 O 10]021q $19202014X
80 80 80 8'0 80 05 006 #S O0ET TT 001 #S 08T SL 06T uin1ono19snf puioisouapy
{w) ()  (w) (ur) %) W) (%) @ (%) W) %) W (%) W
Juol, pwolg gwoly gwag | wolg Jeol, ¥ WalH guR[d  gweld T wary sarvadg

Y319} UMOI)) GBI

9deIaA0)) 109SURL], UL}

*58e15A00 Joasuen auyy [e)o} Sulsearnap Aq paiopio 7D uodAjod ul spuswsya ajdwes ayp
URIM uoneIRdaA Jo YS9y umoIo Uedw pue ‘938IoA09 109suel sul| ‘Uoijisoduwiod $a102dg *9-D) Iqe L,



Surpunor o3 anp umoys s[eJo} 0) ppe Jou Le|y |

60 60 60 60 80 001 0081 001 O€y 00T 09¢ 001 OIS 001 O06€ MTITY
) - [ - - 0 0 0 0 © 0 0 o o0 0 € UWAOID{U[]
mo mo - - - O C O O Q O O O O c u.z,qbgkuaww .E%LBNB&&.
€0 €0 - - - 0 o0 o0 ©0 O 0 O o0 o0 0 ] umouyu)
70 - 0 - - o o o0 O o0 0O 0 O 0 O snppydasousdd snpav)
0 - - Po - 0O o © o0 O ©0 O 0 0 O < umowfup)
€0 €0 - - €0 0O o 0 0 0 0 ©0 0 0 0 “ds wnon
$'0 S0 - - - o I © 1 0 0o 0 0 0 0O p4a31p1yas vang
Z0 €0 70 - 0 o t o0 o0 0 0 0 0 0 0 UL V[
70 - - €0 0 o I o0 o0 0 o0 o 1 ¢ 0 Z umowyu)
w  w W (w) (W %) W) (%) W) (%) @) @) W (%) W)

Juiol, pweord gwolg gweg | wog Jeio, puoly £ WIg 7 walg 1 wafg saadg

YS1ayg umoI)) uBaN afexoao)) joasuel], U

(ponunuod) ‘9-0 dAqeL.



Surpunol 0} anp UMoYs s[elo) 0} ppe 10U A |

60 60 01 01 80 001 00EI 001 081 001 Oty 001 0fe 001 OIf Jele]
70 - - - 0 o o0 0 o0 o0 ©0 0 o0 O o0 W DUD| DUZISOYINL]
70 - 70 - 1o o o0 o0 o0 0 0 0 0 0 O | umowyun)
Lo - - Lo - 0 I 0o 0 0 0 o0 1 0o 0 1133248 snyjouna)
1 - 1 - - O I o o0 o0 1 0 ©0 0 0 oijofion snuwnyy
L0 - Lo - - 0 ¢ 0 0 0 T o0 © o0 O wnL009pul saqRy
£0 - - - £0 0 T 0 0 O o0 0 o0 1 T DO1L0fi[Dd DIZaLIUNG
99 - S0 90 Lo o ¢ o0 0 o0 1 0 o0 0 1 1ajddiym paonj
L0 - 60 90 ] o ¢ o0 o0 0 1 o0 1 o0 1 “ds smpnuapy
£0 £0 - - - 0 ¢ T € 0 0 o0 o0 o0 o “ds puawILg
't 11 - - - 0 ¢ T € o0 0o O o0 0 O D300 SRUMDYY
L0 - - - Lo 6 ¥ 0 0 0 0 0 o0 1 ¥ snsoLupnbs vipLOZOE
T - 7T - - 0o ¢+ 0 0 1 ¥ 0 0 0 0 sap1oin1aq sndivd0243))
I'l I'l - - - 6 9 ¢ 9 0 0 o0 0 o0 © SIPIOLYO4DS SLDYIIDG
2 S0 0 - £0 T L 1 z ! T o0 o 1 snLdoos snio
£0 €0 - 0 0 I L 1 I 6 0o 1 T 1 ¢ DAMLOfiDD SYIqDAY
Lo - - Lo - I 6 0 © 0O 0 € 6 0 © WRSOUINP WIPIoaUD
S0 ¥0 <0 - $0 T 11 7T 1 S 0 0 1 € vupidp DS
61 - 61 - - T 0T 0 o S 0T O 0 0 o0 DI10fipLidg.L2q SNI4IND
80 - - 80 80 € 66 0 0 0 0 Il 9 1 T paafijaw vIAjDS
1 - - Tl - v v 0 0 0 ¢ €I v 0 0 snypun3jo smppouna’)
€1 - T1 Sl - 8 001 O 0 LI € 8 8 0 O 40]001q SRIIO201AY
1 A 1 A A SI 061 L ¥I T Ss6 1 T LT 8 DULIND] DUISOTORY
L0 90 Lo Lo L0 81 0€Z 8% 1§ L1 T 1 v TE o0l DINLIOf{DD DISIUdILY
Lo 01 Lo S0 90 TT OLT ¥S 8 €1 95 ¥ ¥I g€ 001 wnioIno1osnf wnuo3orsy
01 - 01 60 't vg 00E O O ¥Z 001 8 061 T 9 WURIDINDIISOf DIMOISOUIPY
(ur) (un) @) () (w) (%) (@) (%) W) () () () (@) (%) W)
JEIOL pud[d gudiy g wefg | wayd Jeol ¥ Wald € wajy 7 wary 1 walg sarvadg
SIS UMOI)) UBDA] 23BIIA0)) JOISURI], AUT']

"08eI10A00 J00sURI) QU] [€)0) BUIseaIdap AQ paIopio 1§ uodAjod ur syuotals srdures ay)
unyim uoryeladoa 3o JY3Y UMOId UBaW pue ‘93813400 Joasuen au ‘uonisodwios sa103ds *L-D 3qeL



Fuipunos o} enp UMOYS S[E10} O} ppe J0U AB] ,

80 L0 01 9'0 20 001 O8FI 001 cbe 001 225 001 9ST 001 6S€E +[810]
¥0 - - v0 - 6 0 0 0 o0 0 0 o0 o0 © 7 usmoyun)
€0 €0 - - - o 1 0 I o0 © 0 0 0 0 DOINAOfi[DD SINQUAN
g0 - 90 - €0 0 I © o O 1 o0 o0 0 O snso.Lonbs vIpZvE
L0 - Lo - - o T o o o0 1 o0 0 0 O wn103puy saqry
z0 o - - - 0 I. 0 I 0 0 0 0 0o o0 D18a350.400U DIZBISAID)
80 - 80 - - 0 ¢ 0 o0 o0 T o o0 0 0 WNQOJISIAIP UOLPUIPOIIXA]
0 €0 - - v0 0 ¢ o0 O 0 0 0 o o0 i nysupd wnuvjog
Tl - - 't - o ¢ 0 0 0 0 1 € 0 0 D2.40QD SLDWOS]
Lo - - - t0 0 € © 0o o0 0 0 o0 I £ £ umowyu]
7o 70 - - o 0o v 1 ¢ 0o 0 0 0 0 1 1 umowmyu()
S0 S0 - - - 0o ¥ I ¥ o0 0 0 o0 0 0 401001q wmppidoun
7T - T - - 0o ¢ 0 0 1 s 0 o0 0 o snsouids snyjouna;)
$0 - S0 - - 6o 9 0 © 1 9 o0 0 0 O pjuRdsqns D4aouo]
50 - - S0 Yo 1 6 ©0 o o 0 £ L 1 T DoneLofi|pa ViU
£0 - - €0 €0 1 6 0 0 0 0 € L 0 T 2DBNA WNNONE0.{
€0 - - €0 $0 1 91 © ©0o O 0 € L T 6 11S21ZUBM DOIOS]
Lo 80 €0 €0 vo 1 LI % €& 0 1 0 1 o0 T syypaonty pyundQ
£0 €0 99 £0 £0 I 0T | € 0 1 I E v vl “ds wnyos)
S0 90 9'0 - SO0 ¢ €€ I T o T o0 o0 s ol ds sy
90 90 S0 - 90 ¢ w 6 1€ 1 v 0O O T 9 wnjooosnf wnucdouy
S0 0 $0 - v0 € Sy S 6L S ST 0 O 0 1 sniapdoos snio7
90 - Lo 90 90 € W 0 0 0 T SI 6£ T L suonpd sioyaong
L0 60 L0 - S0 S 18 € 6 € 1L 0o 0 o0 I SHIDINOIISDf SRUWDYIOODIDIY
| €1 Sl - 'l 8 11 ¢ 6 6 100 0 0 0 1 vifofiday smyy
'l 60 vl - I'l ST 1ZC sz 98 81 s6 0O 0 Il OF pupnp) SOOI
Lo L'O Lo - L0 61 8T 6 TE 1€ €91 0 0 ST 06 Jafifjau BIADS
Lo L0 L0 90 90 S¢ vIs 8¢ Ofl 6 ¥y vL 681 Ss¥ 191 DINULOfijoD ISty
() () (ur) (w) (w) %) W) (%) @) (%) @) (%) @) (%) W)

Juol, pwelg gwopd g wod | wolg Jeol ¥ warg £ Wl 7 worg ] wad satoadg

YT19H umoI)) ueay

a8eraA0n) 109sueI] SuUr]

-38819A09 109sUel) oul| [e1o} Julsearoap Aq pasapio z§ uodAjod ur sjuowoe aydwes auy
Uy uo1eIadas Jo S0y UMoId Uest pue ‘98e10A09 1oasuen aul| ‘uonisodwod soads 8- AqEL






APPENDIX D

Detailed Data from Measurements of Isoprene and its

Atmospheric Reaction Products in Ambient Air



SLo vL'O SE0 LE0 1570 ] 00Z1-9060 L6/9/8

£l §5°0 8E0 0060-9190 L6/9/8
I£%! 9T'1 09°0 §9°0 LE0 LEO 0060-9190 L6/9/8
680 ¥9°0 A1) 0090-90£0 L6/9/8
06’0 06'0 90 09°0 £T0 tco 0090-90t0 L6/9/8
61°'1 544 0 00£0-€00Z L6/9/8-6/8
0T'1 (44! 10 wo 14t L¥'o 00£0-500T L6/9/8 -S/8
SL0 80 Lo 000Z-TOLI L6/S/8
Lo 0.0 9’0 4] £L°0 IZAY 000Z-10L1 L6/S/B
0L'1 8L'O 90 0091-00¢€1 L6/S/8
vl 6T'1 0.0 19°0 190 65°0 0091-00¢1 L6/5/8
89'1 SLO 0Lo T0T1-L060 L6/5/8
191 Ss'l vL0 o 990 £9°0 C0Z1-L060 L6/5/8
00°¢ 60 8¥'0 0060-3150 L6/S/8
L1 W'l 780 o yo 90 0060-8190 L6/S/8
850 o'l 0 0090-L0£0 L6/5/8
8670 LSO 101 10'1 1740 €0 0090-L0t0 L6/5/8
69°0 pe0 g1ro 00£0-900T L6/Y/8
650 050 ve'o te0 910 14%] 00£0-9002 L6/Y/8
el 980 9L'0 000Z-00L1 L6/P/8
901 6L°0 1.0 95’0 SL0 L0 000T-00L1 L6/v/8
8L°0 9¢'0 Ly'0 £091-90¢1 Lefv/8
76’0 901 150 $9'0 A 9%'0 £091-90¢1 L6/v/8
8L°0 9%'0 €50 90Z1-L060 L6/v/8
LLG 9.0 Lyo 80 50 1$°0 90T1-L060 L6/Y/8
50 800 €70 0060-0090 L6/Y/8
9’0 §:40] 600 110 £C0 €0 0060-0090 L6/v/8
L661 ‘9-p ny VSNZV
Aqdd ‘ae aqdd Aqdd ‘Ae Aqdd Aqdd ‘ae agdd
g)ep Juipiedsip 10J uosesy AW AW MOVIA OV suoxdosy  ouazdosy Suipdweg e

"I JUSIqUIY Ul S1oNpold UOT)oeay dleydsouny s)i pue ouoIdos] JO SJUSWAINSEIJA Wolj ejec pa[eldd “I-d diqeL



76°0 340 6T0 00$7-80¢1 L6/tT/8

€80 o 6v'0 95’0 1€°0 1431) 0051-80¢1 L6/ET/8
880 6¥'0 8¥'0 00T1-£060 L6/ET/8
PL0 190 £5°0 LSO 1$°0 €50 00Z1-£060 L6/ET/8
(pakonsop ojdures
‘sisAjeue Jupmp paddoys 1040019p sse) - - - 0060-$190 L6/ETS
60 ¥6'0 +0L'0 0L0 *9T°0 97’0 0060-5190 L6/£T/8
080 $9'0 TTo 0090-+0t0 L6/%T/8
860 91’1 §S0 1941 sTo Lo 0090-v0t0 L6/EC/8
£0°C L8t (AR 00€0-S181 L6/£TTL/8
[4R! 101 1273 (4:X 0eo 870 00£0-S181 L6/ET-TT/8
L6’0 650 o 0081-+0S1 L6/TUB
LO'1 L1l 690 6L0 941 L¥0 0081-v0S1 L6/TT/8
8.0 124" 50 00S1-0121 Lo/TT/8
aqn} uayoIq
woyj pauajsuex sjusjuod aqm Jurdureg »8L°0 08’1 »Py0 el *150 19°0 0051-0171 LO/TU/8
120 0 1240 LS11-5060 L6/TT/8
690 99°0 £E0 ¥e0 10 6L°0 LST1-S060 L6/TT/8
LLo St'o 170 0060-0190 L6/TT/8
aqn) Surjdures
}orq B SNI] SWI3S *MO[ SIS ||V +LL'O 800 *SH'0 600 «1T0 200 0060-0190 L6/TT/8
aqn) uayoIq
wolj pandjsuel sjusjuod aqny Jurdureg ¥0'CT SI°1 L90 0090-81¢0 L6/TT/8
. +£6°0 €50 *67°0 670 +$T0 vTo 0090-81¢0 L6/TT/8
L661 ‘€7-7T 3nv vSNzZv
620 81°0 0o 000T-00L1 L6/9/8
€20 Lro STo o 0o 0¥'o 000Z-00L1 L6/9/8
6L°0 A A] 15°0 0091-00¢1 L6/9/8
18°0 £8°0 144\ sv'o 1570 15°0 0091-00€1 L6/9/3
SL'O ££0 S0 0021-9060 L6/9/8
Aqdd ‘Ae Aqdd Aqdd ‘ae Aqdd Aqdd ‘ae Aqdd
elep SUIpIBOSIp IO UOSEIY AN JAN ADOVIN YOV ausrdos]  ouardosy Surdureg ordweg

“(PONUNUO02) 11y JUSIQUIY UL §19npoid uonoesy susydsouny s)1 pue aua1dos] Jo sjuoWaINSedy woy eje( pa[eRd “I-d d4eL



810 LE0 8£°0 000Z-00L1 L6/5/6

170 £e0 (441} LTo LE0 9€'0 0002-00L1 L6/5/6

60 LE0 0€0 0091-00¢1 L6/5/6

10°1 80°1 6£'0 [£41) 1¢€°0 (441} 0091-00¢1 L6/S/6

sajdures 1oy30 uey) saje] yonw pazjeuy 8¢°0 S00 90 00Z1-£060 L6/5/6
«86'0 860 *LS°0 LSO €70 o¥'o 00T1-£060 L6/5/6

8¢0 8¥'0 LTo 0060-5190 L6/5/6

apowt

NVOS ay ur siskjeue ‘auanjo) ySrpy »8€°0 - #8370 - *L1°0 - 0060-5190 L6/5/6
610 91’0 200 0090-50€0 L6/5/6

ST0 0c'o 91°0 ST0 9200 90°0 0090-50€0 L6/5/6

0’0 0T'0 90°0 00£0-9000 L6/5/6

970 o Lo sT'0 900 LOO 00£0-9000 L6/5/6

o €20 1o 00¥ZT-¥10Z L6/Y/6

§T0 8T0 920 670 €10 1284 00¥T-¥102 L6/Y/6

9¢°0 LYo £9°0 000Z-00L1 L6/v/6

05’0 £9°0 oo 1291 19°0 650 0002-00L1 L6/Y/6

STl 980 Se0 0091-00¢1 L6/v/6

00’1 SL0 90 8¢0 $E0 SE0 0091-00€T L6/Y/6

1€l 1241 95’0 00Z1-+060 L6/Y/6

123 LL'1 w0 6v'0 LSO 850 00Z1-+060 L6/vi6

050 $S0 o 0060-9090 L6/YI6

950 £9°0 §s’o $S°0 (44" o 0060-9090 L6/v/6

STl 680 8C0 0090-00£0 Lo/Yi6

67’1 £l 68°0 880 870 LTo 0090-00€0 L6/Y/6
L661 ‘L-p dog VSNZv

aqny uoyoIq
Wol; paLajsues s)usjuod aqu Jurpdwes 860 $S0 [44Y 0081-S0S1 LO/ET/8
*0L°0 0.0 *9F'0 9%'0 *LE0 LEDQ 0081-S051 L6/ET/8
Aqdd ‘ae aqdd Aqdd “ae aqdd Aqdd ‘ae Aaqdd
ejep SuIpIessip 10§ UOSeIY JANW JANW YOV AOVIN suardos]  ouaxdosy Surydureg e

"(panunuoeo) J1y JuSIqUIY Ul §jonpolq Uonoesy ousydsouny sjy pue sus1dos] JO STUSWAINSEIA WOIJ BIB(T Po[IeId(| [~ d[qE.L



£8°0 660 LE0 o 050 0$°0 00Z1-+060 L6/3T/6

60 1€°0 o 0060-6090 L6/82/6
0L 3uI[19A0 WOLJ P3AJ0SIL 10U YDVIN €50 990 180 - €To £tTo 0060-6090 L6/8T/6
£e'T §C0 148 0090-10¢0 L6/8T/6
€7 0e'e 870 Teo STo 91°0 0090-10£0 L6/8T/6
L661 ‘67-87 das VSOZV
€T0 60 £1'0 0060-¥090 L6/LI6
1€°0 LE0 SE0 180 t10 ro 0060-+090 L6/LIG
Ls0 10 1o 0090-90¢£0 L6/LI6
50 LyQ 0to 670 1o 1o 0090-90¢0 L6/LI6
£T’0 o (AR 00£0-5000 Lo/Ll6
tC’0 [4AY 170 070 1o oro 00£0-¢000 L6/LIG
81’0 £1ro 800 00+C-010T L6/9/6
81°0 LT'0 9r'0 81°0 800 600 00+C-0107 L6/9/6
950 e ot'o 6561-00L1 L6/9/6
050 0 o 1€°0 67°0 YA 6561-00L1 L6/9/6
980 St'o 8C°0 0091-00¢1 L6/9/6
880 680 1440 o 670 0t'0 0091-00¢1 L6/%/6
9L'0 £$'0 SE0 00T1-£060 L6/9/6
§9°0 $5°0 050 8¥°0 SE0 ¥eo 00Z1-£060 L6/9/6
Lo Se'0 ¢10 0060-5190 L6/9/6
LTo LT0 £e0 0£'0 S1°0 1480 0060-5190 L6/9/6
LY'O Lo oro 0090-90¢0 L6/9/6
9¢°0 9¢'0 0t0 I XAY) 600 60°0 0090-90£0 L6/9/6
¥T0 70 010 00£0-8000 L6/9/6
8C0 130 [4A] 7o 1o 1o 00£0-8000 L6/9/6
€Lo 8L0 81°0 00+7-900C L6/S/6
LS0 [44Y 850 LEO 81°0 61°0 00#7-900T L6/S/6
Aqdd ‘ae aqdd Aqdd ‘ae aqdd Aqdd ‘ae aqdd
Blep JUIPIVISIP 10 UOSBIY MAN AW AOVIA AOVIN ouaidosy  suardosy Suypdueg aeq

‘(panuUNU09) a1y JUSIQUIY UI S]ONPOIJ Uonoesy dusydsow)y s pue susidos] Jo SsjuaaInsea]y woy eje( pa[iend I-d AAqeL



L0 Zro e1’o 000¢-00L1 L6/£/01

¥ €50 $1°0 81°0 S1°0 L10 0002-00L1 L6/£/01
vE0 91’0 12°0 0091-00€1 L6/E/01
8€°0 wo 61°0 12°0 12°0 12°0 "~ 0091-00€1 L6/E/OT
A 60°0 7o 00Z1-$060 L6/E/01
0 120 010 010 710 o 002¢1-$060 L6/EIOT
Tro 90°0 900 0060-+190 L6/E/0T
AY)] 1o LOO 80°0 90°0 90°0 0060190 L6/E/0T
120 P10 LOO 0090-10€0 L6/£/0%
920 1£°0 £1°0 Zro 900 $0°0 0090-10€0 L6/£/01
L66T b€ PO VSNZV
9¢0 120 80 000Z-00L1 L6/62/6
0’0 vH0 0 0 vH0 0r0 000Z-00L1 L6/6T16
$8°0 760 LEO 0091-00¢1 L6/6T16
vLO 790 19°0 1£°0 8€°0 8€0 0091-00€1 L6/62/6
€0 ZAY 9¢0 00210060 L6/6T/6
90 090 0£0 LEO LEO 8€0 00Z1-0060 L6/62/6
98°0 €0 0£0 8580-9190 L6/62/6
$9°0 SP0 2d)] SP'0 0£°0 1€°0 8$80-9190 L6/6T/6
€C0 £€€°0 Zro 0090-01£0 L6/6T/6
670 ¥€0 9€°0 8¢°0 €1°0 £1°0 0090-01£0 L6/6T/6
0£0 810 80°0 00£0-S10T L6/6T-8T/6
Al 910 610 610 LO0 90°0 00€0-510Z L6/6T-8T/6
1€0 §T0 €0 000Z-00L1 L6/3T/6
Sp-ouardost moy A19A +1€0 €T1 *STO 8L°0 +7€°0 09°0 000Z-00L1 L6/8T/6
69°0 or'o 6£°0 0091-00€1 L6/8T/6
89°0 99'0 170 170 wo #¥0 0091-00€1 L6/8T/6
99°0 €0 050 00Z1-¥060 L6/82/6
aqdd ‘ae Aqdd Aqdd ‘ae Aqdd aqdd “Ae aqdd
ejep Jurpieosip 10J uoseay JAAN AW MOVIA HOVIN auexdos| suardosy Suydweg e

“(panunu0o) Iy JUSIqUIY Ul SJONPOoId Uoloeay susydsowry sji pue ouaidos] JO sJUStUSINSEIJA W) Bl pa[teldd ‘I-d 9Ll



anjea a[3uls pas(],

£C0 1o 1454 000T-00L1 L6/¥/01
[4A\ o 1o ro 1440 148Y 000T-00L1 L6/¥/01
¥9°0 620 ¥To 0091-00¢1 L6/¥/01
aqm uayoIq
WO PaLIysuen sjuejuod aqu) Jutjdweg *F9°0 90°1 »6T°0 150 PO 9¢°0 0091-00¢1 L6/%/01
. 8¢'0 910 91'0 00Z1-1060 L6/p/01
9¢°0 SE0 9’0 Lro 9II'0 L1o 00T1-1060 Lo/v/01
620 o1ro L00 0060-C190 L6/¥/01
9T'0 1A 80°0 L0°0 L0'0 L0°0 0060-2190 L6/S/01
10°1 61°0 £ro 0090-70£0 L6/¥/01
66'0 360 810 81°0 o o 0090-¥0t0 L6/¥/01
£e’0 81°0 $0°0 00£0-110C L6/v-¢/01
05°0 990 61'0 1770 90°0 900 00£0-1107 L6/¥-€/01
Aqdd ‘ae agdd Aqdd ‘am aqdd aqdd ‘ae Agdd
ejep Surpledssip 10§ uoseay MAW AW AOVIN MOVIN suoxdos]  ouaidos] Burgduieg e

«(panunuos) Iy JSIGUIY Ul $PNPOIJ UoNoeay oLsydsowy sit pue 9us1dosy Jo sjuowaInseajy Wwoy eie( pajlered “I-a AqEL



¥s'0 LSO £L'0 §¢0 £0'0 £00 00+Z-800C L6/YI6

LSO 0 1c0 000Z-20L1 L6/Y/6
Lo 980 TS0 o 170 750 000Z-Z0L1 Lo/vi6
(AN $9°0 $9'0 009%-00¢1 L6/9/8
£0'1 w060 65°0 ¥S°0 w90 860 0091-00¢1 L6/9/8
re'o 0T'0 (144 00Z1-5160 L6/9/3
9¢'0 8¢°0 61°0 810 o §:40) 00Z1-S160 L6/9/8
S1°0 L00 ¥8°0 0060-5190 L6/9/8
148" vro L0°0 L00 080 9L0 0060-5190 L6/9/8
L00 £0°0 00 0090-01¢€0 L6/9/8
LO0 LOO €00 £0°0 €00 £0°0 0090-01€0 L6/9/8
070 800 80°0 §5T0-510¢ L6/S/8
610 81°0 800 L0°0 80°0 80°0 $ST0-510T L6/S/8
LLo Lo Si'L 000T-00L1 L6/S/8
Lo 890 o0 o 60°1 ¥0't 000Z-00L1 L6/S/18
Buisstu agny Juppdueg - - - 0091-20¢€1 L6/S/8
*1L°0 1.0 *9°0 90 *65°0 650 0091-20¢1 L6/S/8
$8°0 Se'0 So'1 00Z1-1160 L6/S/8
£8°0 18°0 €E0 0t’0 00’1 960 00Z1-1160 L6/S/8
L0 600 80T 8580-L190 L6/S/8
910 S10 600 60°0 96°1 S8l 8580-L190 L6/S/8
174\ t1ro £0°0 6550-¥1¢0 L6/S/8
§T0 9z’0 rio S0 ¥0'0 S0°0 65S0-v1€0 L6/5/8
Lot $s°0 700 6520-T0T L6/S/807¥/80
I STl 860 09°0 €00 00 6520-570T L6/5/80-/80
£9'1 6’0 0tcT 000T-01L1 L6/Y/8
8¢'1 2 160 680 17°¢ (44 000C-01L1 L6/Y/8
L661°9-F 80V "N.EIN ANId
Aqdd ‘ae aqdd Aqdd ‘ae Aqdd Aqdd ‘e Aqdd
©lep SUIp1BISIP JOJ U0Sey AN AN AOVIN JAOVIN suaidos] suaxdos] Sundweg e

1Ty JUSIQUIY UI S1onpoJ UoNoeay ouaydsowyy si pue ouo1dos] Jo sjustiaInseajy wiolJ eje( pa[iere 7-d AAqeL



970 8C°0 81°0 L10 $0°0 90°0 §5£T-L00T L6/9/6

$<'0 o ¥$°0 0002-00L1 L6/9/6
¥S0 ¥S'0 €0 £€£'0 §5°0 950 0002-00L1 L6/9/6
A S1°0 el 0091-00€1 L6/9/6

SE0 3 4] Al 9¢°0 8¢°1 w1 0091-00€1 L6/9/6
0c0 s1°0 ¥9°0 0021-5060 L6/9/6

L10 ¥0'0 Lro 0z'0 090 950 0021-5060 L6/9/6
s1°0 80°0 PO 0060-0190 L6/9/6

91°0 L10 80°0 80°0 8¥'0 zs'0 0060-0190 L6/9/6
1o 800 £0'0 0090-10¢0 L6/9/6

1280 Lro o1r'o e t0'0 £0°0 0090-10%0 L6/9/6
91°0 010 00 $620-0000 L6/9/6

L1'O 81°0 oro 60°0 200 00 §620-0000 L6/9/6
9o 1€°0 200 SSEL-L00T L6/5/6

6£'0 o 9C°0 1270 €00 00 SEET-L00T L6/S/6
90 8T°0 §5°0 000Z-00LY L6/5/6

6¥'0 £5°0 0g'0 1€°0 650 790 000Z-00L1 L6/5/6
6Ll 60’1 891 0091-00¢1 L6/5/6

8¢l 960 L0l S0°'1 L1 eL'] 0091-00¢1 L6/S/6
8¢°0 12°0 68°0 00Z1-8060 L6/S/6

8¢€°0 8¢°0 170 120 €60 96'0 00Z1-8060 L6/S/6
120 1o 090 0060-5190 L6/SI6

00 81'0 o1'o 010 £9°0 99°0 0060-¢190 L6/S16
AW 600 w00 0090-6+£0 L6/S/6

81°0 LT'0 60'0 80°0 00 100 0090-6¥20 L6/S/6
60°0 01'0 w00 8€£0-0100 L6/5/6

910 XAl 010 01°0 00 £€0°0 8£€0-0100 L6/5/6

L661 ‘L-pdes  "NLW ENIL
50 7e0 £0°0 00¥T-800T L6/¥/6
Aqdd ‘ae aqdd aqdd ‘ae Aqdd Aqdd ‘ae aqdd
eyep Suipiedsip 10] uosesy HANW SANW MOVIN AOVIN suaidos] ouaidos] Surdweg aeq

“(paNUNUOD) I1y JUSIQUIY Ul S)oNPOJJ UoNoeay susydsouny sit pue ouaidos] Jo SJUSWANSEIW Woly ee( pajieiad "7-d dqeL



99'0 1230 68’1 0002-00L1 L6/6T/6

6L°0 160 6€°0 vh0 761 v6'1 000Z-00LI L6/6T/6
19'0 820 LO1 0091-00£1 L6/6T16
19°0 09°0 620 620 L0} 80°1 0091-00€1 L6/6T/6
19°0 970 $8'1 00Z1-£060 L6/6T/6
£9°0 $9°0 L0 870 81 P81 00Z1-£060 L6/62/6
ST 90°0 79°0 0060-9090 L6/6T/6
ST'0 ST°0 90°0 900 $9°0 69°0 0060-9090 L6/6T/6
LTO 90°0 900 0090-L0€0 L6/6T/6
LT0 L10 90°0 LO0 90°0 900 0090-L0£0 L6/6T/6
0$°0 €20 LOO 00£0-500T L6/6Z-82/6
LYO 0 ¥T0 vZ0 80°0 600 00£0-5007 L6/6Z-82/6
880 or'o 8ET 0002-00L1 L6/8T/6
$8°0 780 0r'0 6€0 LT S1'T 000Z-00L1 L6/8T/6
$6°0 9¢'0 121 0091-00€1 L6/8T/6
£6°0 160 LED LEO L1 48 0091-00¢1 L6/8T/6
(4OVIN sreuenb o} pasn g9 uo) 8¥0 €20 06'1 00Z1-v060 L6/8T/6
(4O VI a1emuenb o3 pasn g9 uor) or'0 ZE0 +£T0 0L0 06’1 16°1 00Z1-+060 L6/8T/6

L661 ‘67-87 dAS AQTVE "L

S1°0 L00 6’1 0060-0090 L6/L16

170 Lo or'o o 881 £8°'1 0060-009C L6/LI6

I1'o 80°0 ¥0'0 §6S0-00£0 L6/ILI6

S1°0 61°0 oro €10 $0°0 $0'0 §650-00€0 L6/LI6

STo s1o £0'0 $$20-0000 L6/LI6

1£40] €0 91°0 810 £0°0 £00 $$20-0000 L6/LI6

£C0 81°0 £0'0 §6LT-L00T L6/9/6

Aqdd ‘e Aqdd Aqdd ‘e aqdd Aqdd ‘e Aqdd
wjep Jutpiessip 10J uoseay AN AANW YOVIN OV auaados] suaidosy Sudureg s

“(panunuo9) Iy JUSIGUIY Ul §)onpold uonoeay suaydsouny syt pue suaidos] Jo sjuswiainsesjy wolf eje peneed 7-d 21qelL



anjea o[3ms pas(],

$9°0 9¢°0 8C'1 000Z-00L1 L6/¥/01
99°0 L90 9¢'0 9¢'0 6T1 0g'l 000Z-00L1 L6/¥/01
£L°0 1€°0 060 0091-00£1 L6/¥/01
$L'0 LL'O €0 £L0 88°0 98°0 0091-00€1 L6101
$T0 AN 1571 00Z1-£060 L6/Y/0T
§T0 A o 110 £6°1 e 00Z1-£060 L6/Y/0T
01°0 v0°0 LT0 0060-2190 L6/Y/01
010 010 ¥0'0 v0'0 920 970 0060-Z190 L6/¥/01
o 50°0 #0'0 1090-01€0 L6/¥101
o 1o 90°0 90'0 ¥0°0 v0'0 1090-01€0 L6/¥/01

LT0 £1°0 $0°0 T0£0-010Z L6/¥-£/01

9Z'0 ¥20 £1°0 7o €00 <00 70£0-0102 L6/Y-EI01
fp-auardost mof A1A Lot 09'0 161 £00Z-€0L1 L6/£/01
+ZL°0 L0 +LE0 LEO «6T'1 6T'1 £00Z-£0L1 L6//01
ST1 §5°0 €T1 0091-10¢1 L6/EI0T
10°1 LLO 8p'0 170 €21 Al 0091-10¢1 L6/E/OT
870 o LET 00Z1-£060 L6/E/OT
870 820 €10 €10 8¢l 6¢°1 00Z1-£060 L6/E/0T
€10 700 10 00606190 L6/E/01
rAKY) 1o 200 200 wo wo 0060-6190 L6/€/0T

Le6L ‘€ 1D0 AWIVE LN
Aqdd ‘e aqdd Aqdd ‘ae aqdd aqdd ‘ae aqdd
ejep SuIpIedsIp 10 UOSEIY IANW AN MOVIN MOVIN ausidos] ouardos| Furpdureg aeq

“(penunu0d) Iry JUSIqUIY Ul S}oNpoIJ uonoesy] susydsouny sy pue susidos] Jo sjusWoINSes|y woy e pa[reed “7-d 2lqeL



¥0°0 00 00 200 w00 00 $580-5090 L6/9/8

10 90°0 00 0550-10¢0 L6/9/8
o1'o L00 Y00 £0'0 160 100 0650-10€0 L6/9/8
370 8T°0 80°0 $SC0-9181 L6/9/8 -§/8
6’0 00 0 ST'0 LO0 90°0 SST0-9181 L6/9/8 -S/8
148 LO0 ¥i'o 0081-85¥1 L6/5/8
1 AN] zZio L0o 00 ARt (A1) 0081-85¥1 L6/S/8
[A44] 0’0 (AR ZSP1-6511 L6/S/8
1o oro 00 $0°0 oro 80°0 TSPI-6511 L6/S/8
sUo 900 800 £S11-1060 L6/S/8
ST'0 S1°0 L00 L00 80°0 L00 £S11-1060 L6/S/8
(AN (] 0T0 ¥e0 §580-¥090 L6/S/8
1£0 0t0 070 1270 £e0 [ARY) $S80-+090 L6/S/8
LT0 910 200 0550-£0¢0 L6/5/8
970 §T0 91°0 910 <00 @0 0550-£0£0 L6/S/8
650 0t'0 80°0 §ST0-L081 L661/S-¥/8
89°0 9L0 SE0 o0 800 80°0 $ST0-L081 L661/S¥/8
17°0 600 LAY 0081-+0S1 L6/1/8
820 $eo cro ST0 [f4Y) 81°0 0081-¥0S1 L6/¥/8
apdures ou
Quawrdinbs Jurdures 040 padyoouy puIp - - - - L6/v/8
) ajdures ou
“uawdinba Surdures 1940 payoouy purp - - - - - - - L6/V/8
£7o ro L00 LST11-7060 L6/v/8
610 91°0 600 SO0 900 90°0 LST1-2060 L6/v/8
oro 91°0 670 £680-0090 L6/¥/8
€e0 YA 1o o §T0 10 $680-0090 L6/¥/8
L661 ‘0-p 30y ONINNVH
Aqdd ‘ae Aqdd Aqdd ‘ae aqdd Aqdd ‘ae Aqdd
ejep JuIpIessip 0] UOSEIY AN AN MOV AOVIN auaidosj suaxdosy Fuipdweg aeq

"Iy JUSIQUIY UI S1onpoid uonoeay susydsouny sii pue auaidos] JO sustIoInseaj] wolj eje( pajreid ‘€~ dIqeL



A L00 €0 0081-Z0S1 L6/ET/8

§¢0 ST0 L0°0 800 o 0T0 0081-2051 L6/ET/8
o $0°0 170 00s1-2021 L6/ET/8
o 1o §0°0 $00 0z'0 61°0 00$1-7021 L6/ET/8
0z°0 800 1£4\ 00Tt-£060 L6/ET/8
810 910 LO0 900 o 070 00Z1-€060 L6/ET/8
LTO [481) 148] 0060-£090 L6/£T/8
LTo 97’0 [AR1] cro 148Y ¥1°0 0060-£090 L6/tT/8
1570 81°0 200 $SS0-£0E0 L6/LT/8
wo Teo 91’0 £10 100 100 $550-£0€0 L6/ET/8
6L¢C TA L00 00£0-€181 L6/ET-TT/8
€67 80t Lt 1 4 80°0 60°0 00€0-¢181 L6/ETTT/8
LE0 L10 8T'0 0081-0051 L6/TT/8
0 970 ¥1'0 1o 8C0 8¢0 0081-00S1 L6/TT/8
£T0 600 1770 SSP1-00T1 L6/TT/8
€0 (44 600 60°0 070 61°0 SSP1-0021 L6/ITT/8
LTo or'o 670 §S11-0060 L6/TT/8
97’0 §T0 01°0 oro Lo 1ZAY §S11-0060 L6/TT/8
140 80°0 ' cro $$80-0090 L6/TT/8
9¢°0 1€°0 LO°0 90°0 o 1o §580-0090 L6/TT/8

L661 ‘EZ-72 Sny  ONINNVE

L1°0 S0°0 61°0 0081-00S1 L6/9/8
91°0 10 S0°0 00 810 91’0 0081-00ST L6/9/8
L00 00 €00 SSh1-66T1 L6/9/8
90°0 SO0 700 w00 €00 ¥0°0 SSPI-SS11 L6/9/8
S00 00 €00 0S11-1060 L6/9/8
S0°0 ¥0°0 w00 00 70’0 700 0S11-1060 L6/9/8
¥0'0 00 200 $680-5090 L6/9/8
Aqdd ‘ae aqdd aqdd “ae aqdd Aqdd ‘ae aqdd
ejep SWIPIBISIP IO UOSEBIY JAI AW WDV MOVIA auaidos] auaidos] Suidueg areq

“(pONUNUOS) 11y JUSIQUIY UI S]ONPOid uonoesy] oueydsouny sii pue ausidos] Jo sjuswainsesjy] wol eje( pojieied €-d dqeL



10 1280 L0'0 500 900 90’0 8S11-0060 L6/£/01

o 010 $0°0 8680-0090 L6/2/01
S0 LTo 80°0 LO0 S0°0 €0°0 8¢80-0090 L6/8/01
L661 ‘P-EP0O  ODHNINNVH

*p-ouaidost mof A10A 81 09°0 v9'l 0081-Z0S1 L6/9/6
+81°0 810 x90°0 90°0 170 1770 0081-¢0S1 L6/9/6

or'o $0°0 tro 8SH1-¢0T1 L6/9/6

1 7o 00 ¥0'0 ([44] 1o ’S¥1-T0T1 L6/9/6

tl'o £0°0 700 8511-0060 L6/9/6

1480 o1°0 SO0 800 t0'0 £0°0 RSI1-0060 L6/9/6

124" €0 o1ro £680-0190 L6/9/6

aqm
Burduses >oeq € 31| SWoIs ‘MO[ SHNSIY PO 61°0 *£€°0 110 «01°0 100 SS80-0190 L6/9/6
13q10S3p

aqny woxy pajjadxs sjuaiuod squs Jundueg - - - 0$50-80€0 L6/9/6
*67°0 67°0 *6C°0 670 «10°0 10°0 0550-80t0 L6/9/6

LSO $S°0 900 LST0-PT81 L6/9-5/6

£5°0 050 S¥'o SL0 S0'0 €00 LSTO¥T8I L6/9-5/6

09°0 810 210 0081-10S1 L6/S/6

650 650 81°0 81°0 JARY L1o 0081-1081 L6/S/6

01’0 £0°0 81°0 RSYI-8SI1 L6/S/6

110 110 €00 ¥0°0 L1'O 91°0 8SPI-8SII L6/S/6

(44 600 6I'0 SS11-6060 L6/5/6

170 6L'0 60°0 600 610 81°0 $S11-0060 L6/S/6

Feo 170 £1'0 £680-0090 L6/S/6

6¢0 1440 120 0zT’0 (4] o $580-0090 L6/S/6

L661 ‘9-s dos  HNINNVA
Aqdd “ae aqdd Aqdd ‘ae Aqdd Aqdd ‘ae aqdd
ejep JuIpIessIp 10] Uoseay MAN AN MOV MOVIN auadosy suardosy duydureg aeq

"(PanuyuUod) 1y JULIQUEY I SJONPOid UONORY duoydsouny s) pue sualdos] JO SJUSWSINSES WO eje(] poyeIe “€-(l AqEL



on[eA o[3us pas(,

L¥'O 61°0 €10 0081-00s1 L6/¥/01
90 Sto 910 £10 iro or'o 0081-0051 L6/vI01
¥co 600 o 85¥1-00T1 L6/v/01
870 10 01’0 110 [ASU (AR 85¥1-00T1 L6/¥/01
Leo ore A A] 8511-0060 L6/¥/01
0¢0 0 01’0 010 1480 1’0o 8511-0060 L6/Y/01
LT0 91’0 oro 8580-1090 L6/¥/01
670 o o L10 oro 010 8580-1090 L6/vi0L
tE'o 810 ¥0'0 £650-00t0 Lo/v/0V
¢e0 0g0 81°0 61°0 v0'0 £0°0 £650-00£0 L6/¥/01
810 1o £0°0 850,081 L6/v-£/01
81’0 Lo 10 L0 ¥0°0 v00 85¢0-L08I L6/¥-£/01
SE0 sre 0T'0 0081-0081 L6/c/01
9¢0 9¢'0 s10 s1°0 610 610 0081-0051 L6/£/01
LO0 €00 €00 85¥1-00T1 L6/€/01
80°0 0ro £0°0 €00 €00 €00 85¥1-00T1 L6/E/01
v1'0 800 90°0 8S11-0060 L6/e/01
Aqdd ‘ae Aqdd aqdd ‘ae aqdd Aqdd ‘ae Aqdd
zjep Swipreosip 10y uosesy  MAW JIANW WOIVIN ADOVIN suaidos| sunidosy Supdweg aeq

{(paNURUOd) TV JUSIQUIY Ul S)onpoI{ uonoesy] dusydsouny sif pue aud1dos] JO SjUSWAINSE\ Woky e papteRd “¢-d Jlqe],



¥5°0 LAY 170 0081-00¢1 L6/ET/8

050 940 Lo 0¢0 120 120 0081-00S1 L6/£T/8
6L°0 o 91°0 194 S A1A L6/tT/8
80 $8°0 6t°0 9¢°0 ST°0 ¥1°0 8Svi-Toct L6/ET/8
£8°0 g0 zro 9511-0060 L6/ET/8
L0 90 £eo peo 1o £1'0 9511-0060 L6/2T/8
9¢°0 ¥<°0 124\ LSB0-S090 L6/ET/8
144\ o 124l teo 170 81°0 LS80-6090 L6/£T/8
19°0 SE0 8T°0 9550-9081 L6/LT-TYU8
§:41) A 8T°0 <o £T0 61°0 9650-9081 L6/LTTYU8
FS0 €0 61°0 $SLI-00S1 L6/TT/8
Lo o LTo (44 Lro ¥L'o §SLI-00ST L6/TT/8
90 8¥'0 61°0 LSPI-TOTI L6/TT/8
LY0 Lo 6¥'0 050 170 [4AY LSPI-T0TI1 L6/TT/8
$8°0 1 IT°0 $S11-0060 L6/TT/8
86'0 o1l 9T'1 [N 110 0oro §S11-0060 L6/TT/8
L¥'o 080 SE0 £80-8550 L6/TT/8
050 €50 LLo SL0 LEO 0r'o €S80-8550 L6/TT/8
L661 ‘€7-7T7 Iny LITALS NIVIN HLUON ‘STTAONY SO'T
aqdd ‘ae Aqdd Aqdd ‘ae Aqdd Aqdd ‘ae Aqdd
vjep 3uIpIedsip 10f Uosey AN AW AOVIN IOVIA suaxdosy suoxdosy Juipdweg aeq

IV JUSIQUIY Ul S]ONPOI HOToBY dudydsowyy sit pue 5uaidos] JO SJUSTIRINSESJA] WO Ble(] Pa[IRId(] b~ A[qe L



