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FIELD METHODOLOGY AND DATA COLLECTION

The field methodology utilized to assess vegetation dynamics is based on the Relevé Method
(Table 1) (Poore 1955), the most accepted method for conducting vegetative surveys in the
United States and Europe (e.g. Talbot and Talbot 1994; Walker et al. 1994; Klinka et al. 1996).
Within this study methodology, the census emphasizes spatial mapping of vascular plants,
including herbaceous dicots, woody dicots, and grasses present on the green roof, and
quantitative measurement of species presence, percent cover, sociability, and vitality. Both the
mapping of plant species and the measurement of species presence and percent cover are
completed through the survey of 2 m” quadrants across the entirety of the roof.

In the field, the location and identity of each plant is recorded by field note diagrams of
the species footprints for each quadrant, which are later scanned and digitally transcribed, coding
each species by color. Quantitative analysis is recorded and analyzed according to cover classes
designated by the Braun-Blanquet cover/abundance scale (Braun-Blanquet 1932; Shimwell
1971; Mueller-Dombois et al. 1974), allowing the survey to accurately document growth and
coverage by a mixture of plant types, including easily identifiable individuals and clonal species
such as ground covers, emergent forbs, and grasses. Percent cover (Table 1) is recorded by
calculating the relative area occupied by the vertical projection of all aerial parts of plants as a
percentage of the surface area of the sample plot at time of survey. Species names are identified
and recorded for each plant species making up at least 5% of the cover in any quadrant. Dead
plant material from previous growing seasons is not included in the survey. It is important to
note that on the intensive roofs of this study, vegetation is often defined by complex multi-strata
layers, featuring ground covers and diverse understory composition—a characteristic of such
roofs that may be correlated to roof performance and resilience. Photographic analysis may be an
option for survey of less vertically complex green roof systems, such as sedum-dominated roofs,
but is limited in its ability to accurately characterize diverse roofs or roofs that have been
minimally maintained.

Figure 3 Field methods for assessing a mature intensive green roof. Over time, and certainly in instances of minimal
maintenance, green roofs may become ecologically more complex. The methodology presented here accommodates
a high level of plant diversity and multi-strata composition. Such community structure may increase a green roof’s
ecological function, performance and resilience to disturbance events over time.
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Table 1 Braun-Blanquet cover and abundance scale (Braun-Blanquet 1932; Poore 1955).

Cover Percent Description Baseline
Class Cover P Mean
+ < 59 Only a few (approximately 2-20) individuals of the species, and those 01

? individuals collectively cover less than 5% of the sample plot area '
Numerous individuals of the species, but those individuals collectively
1 < 5% 2.5
cover less than 5% of the sample plot area
2 5% -25%  Species cover is between 5% and 25% of the sample plot area. 15.0
3 25% - 50% Species cover is between 25% and 50% of the sample plot area. 37.5
4 50% - 75% Species cover is between 50% and 75% of the sample plot area. 62.5
5 75% - 100% Species cover is between 75% and 100% of the sample plot area. 87.5

The field methods defined above may be repeated at regular intervals to allow for
comparison across time. Comparisons to initial establishment conditions are ideally achieved
from census data collected at year one or time of plant establishment, allowing for a robust
investigation of plant establishment and system dynamics. If an initial conditions survey cannot
be completed at time of planting, initial plant data may be approximated from the original
planting design, specifications, construction documents and nursery receipts. If available, design
and construction documentation provide detailed and spatially explicit information regarding
demarcation of planting zones, detailed stem, tray or pot counts, and plant spacing for each
species and zone of planting. Because there is no data on true plant establishment in this
approach, percent vegetative cover is not based on the percent area of roof coverage for each
species but the number of individual stems planted for each species relative to the total number
of plants.

DATA ANALYSIS

Census data from a single site survey may be analyzed to characterize and assess
phytosociological relationships and plant community composition and structure. This
information may be aggregated and simplified to generate basic vegetative performance metrics
that relate to green roof services. Additionally, data may be spatially defined and interpreted in a
number of ways, including: across the entire roof; at the plot scale; by designated zones
(planting zones, microclimate conditions, etc.); and by plant community groupings (species,
family, functional groups). In each of these forms of analysis, census results are analyzed
quantitatively and may be diagramed visually to provide snapshots of roof composition.
Ultimately, this analysis may be extended to consider data from multiple years, allowing for
observations of vegetation dynamics, including fluctuations and larger successional changes, and
their relationship with environmental stressors and disturbance events such as climate extremes
or maintenance regimes.
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Quantitative Analysis

Vegetative characterization and performance metrics are established through analysis of percent
area of vegetative cover, species presence and richness, and species diversity. Basic percent
vegetative cover, the presence or absence of vegetation, is the most commonly used green roof
performance metric in green roof literature and remains an important indicator of basic green
roof performance and function. In addition to vegetative cover across the roof, spatially explicit
census data also provides information on the percent cover for each identified species, indicating
the cumulative area of roof represented by each plant species per survey, as well as over time.
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Figure 4 Changes in species presence and percent cover for species on Flora Rose House roof (limited to species
representing over 2% cover). As the roof did not undergo any supplemental planting, species present in 2006 (in
red) represent planted species, while all others represent emergent vegetation.

Diversity, which identifies variation among species at multiple levels, is identified in this
methodology through species richness and species diversity. From a community ecology
perspective, it has been well established that there is a positive correlation between ecosystem
function and species diversity (Naeem and Tjossem 1999; Hooper et al. 2005) and species
richness (Naeem et al. 1994; Tilman and Downing 1996; Aarssen 1997; Freitas 1999; Spehn et
al. 2000). Species richness refers to the simple count of the number of distinct species present in
a given plot or across the entire roof (Cook-Patton and Bauerle 2012). Species diversity refers to
both species richness and evenness and was calculated using the Shannon-Weiner Diversity
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Index (Shannon 1948) and converted to true diversity (TD=e>"""°" ") (Hil] 1973). While
precedent is limited, the Shannon Index has previously been used by green roof researchers
(Kadas 2002; Brenneisen 2003; Coffman 2007) as an indicator of relative biodiversity. The
strength of the Shannon Index is its utilization of a straight measure of diversity that allows for a
summary and comparison of biodiversity over time or across multiple roofs and may be utilized
to tease out relationships between diversity and services provided by green roofs such as heat
flux or stormwater retention (Bass 2009).

Table 2 Summary of vegetation performance measures across the entire roof for 2006-2012. Percent cover of
vegetation cannot be determined from construction records for initial planting years (2006). This data may be
spatially analyzed if considered at the plot

Year Species Richness % Cover Plant Families True Diversity
2006 30 NA 21 21.22
2012 74 75% 31 21.57
2013 84 87% 34 26.83

In addition to these diversity metrics, more general categorization of represented plant
families and plant types can be identified to describe and assess the green roof system. Plant
species exhibit different resource use patterns, adaptations to the external environment, and life
history strategies. Increased and complimentary functional diversity may improve green roof
performance (Naeem et al. 1994; Spehn et al. 2000). Plant types, as defined by the USDA, can be
considered a coarse proxy for functional diversity within a plant community (Lavorel and
Garnier 2002) and are a categorization method previously used in green roof studies (Lundholm
et al. 2010). It is important to note that additional methods of defining functional trait diversity,
including phylogenetics, exist and may be integrated into future iterations of this methodology
(Cook-Patton and Bauerle 2012).

Phytosociological analysis is achieved through species mapping and the Braun-Blanquet
scores collected in each plot, which translate to a sociability score for each species, a method
similar to those utilized in other plant dynamics studies (e.g. Hansen and Stahl 1993). Sociability,
as defined in this methodology, is a plot-by-plot measure of a species’ tendency to exclude other
species by forming large groups or patches, or alternatively, to grow individually or in small
aggregate clusters and integrated with neighboring species. In this study, sociability is calculated
by dividing the sum of the percent coverage value for each species in each plot by the average
coverage of that species across the entire roof. The higher the sociability score, the more likely
that species is to occur in homogenous groups or patches, while a lower score represents greater
comingling with other species.

Data Visualization

Spatially explicit data is uncommon in green roof research and presents a unique opportunity to
pair quantitative analysis with graphic-based data interpretation of vegetative performance
metrics and species distribution. Here we demonstrate examples of filters through which one
may interpret data and develop plant distribution maps, which depict overall roof composition by
species, as well as plot-based maps of vegetation performance metrics, including coverage,
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