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ABSTRACT

During summer 2008 a GIS-based Urban Ecosystenysisabf the Claremont Colleges
Campuses was conducted. This research was pataajer initiative supported by the
Council of Presidents to assess the environmemizdhct of the Claremont Colleges
Campuses and to implement new ideas and approfmhasdvancing environmental
sustainability. This project investigated the b#s®f increasing the tree canopy
coverage to (35%), which can provide measurablefiisnn economic, environmental,
energy saving, and social terms, through the pigrdaind preservation of appropriate tree
species. Expanding upon the summer 2007 Clare@@tuate University Urban
Ecosystem Analysis pilot stubithis project specifically investigated the betsedif the
existing tree canopy as well as increasing thedae®py coverage to (35%); included the
development of a methodology, and analysis, of wheplant additional trees;
investigated appropriate tree species to plantedisas stakeholder preferences for tree
types and landscaping; and reviewed sustainabtkuae practices and identified
strategies to conduct a tree planting initiative.

1. INTRODUCTION

The objective of this project was to conduct andgrEcosystem Analysis of the
Claremont Colleges Campuses and devise a compiebeamsl integrated tree planting
strategy to meet a tree canopy goal of (35%).

Several steps were required to meet this objective:

Conduct an Urban Ecosystem Analysis of the Clarg¢rGatieges Campuses
enumerating the benefits of the existing ecosystethexpected benefits of
increasing the tree canopy coverage to (35%)

Develop a Geographic Information System-based naetlogy to identify
potential tree planting locations (where to pldatineet (35%) tree canopy goal
based on the location of existing tree canopydmugs, “urban heat island”
microclimate, and areas of low surface reflectivity

Investigate potential tree planting types (whatlent) based on tree species
identified in the “Tree Guidelines for Inland Emgi€ommunities” of the U.S.
Forest Service, a campus-stakeholder tree anddapdspreferences survey, and
guidance from Claremont University Consortium, kaes Management, and
Rancho Santa Ana Botanical Garden

Analyze sustainable land use practices, make re@mdations for implementing
a tree canopy goal as part of a Claremont Collsgstainable land use policy,
and identify sources of funding and/or partnershipsonduct a tree planting
initiative

! Hilton, B. N. (2007). Urban Ecosystem Analysis tdsiGIS: The Claremont Colleges Sustainability
Initiative. Claremont, CA, The Claremont Collegesu@cil of Presidents.



Each of these steps is described in detail in@est 3, 4, 5, and 6. The following
section presents background information regardirigald Ecosystem Analysis.

2. BACKGROUND

An Urban Ecosystem Analysis (UEA) is a methodol@myestablishing the
environmental and economic benefits of trees withapecified area. Trees provide
direct (reduce stormwater runoff, improve air aratev quality, and increase carbon
sequestration) and indirect benefits (decrease éoohient air temperatures through
evapotranspiration thereby reducing air-conditigniise and carbon emissions from
energy suppliers). Trees provide communities widny valuable services that can be
measured in terms of quantifiable benéfitat may include:

Saving Energy — trees provide building shade atyl toemitigate the heat island
effect and in so doing, reduce air conditioning, @bectricity costs, and air
pollution from the generation of electricity

Reducing Atmospheric Carbon Dioxide — trees absarbon dioxide thereby
lowering the rate of global warming

Improving Air Quality — trees absorb and filter pollution plus they filter
surface water and prevent erosion

Reducing Stormwater Runoff — trees reduce thesirnature needed to manage
stormwater and reduce the need for landscapetioiga

Aesthetics and Other Benefits — while more diffi¢al quantify, these include
improved scenic values and improved human healthasatl being.

Recent examples of this type of analysis, though t@arger scale, include New York
City® and Los Angelé'sas well as two local area studies conducted bytiieersity of
Southern California

2 McPherson, E. G., J. R. Simpson, et al. (20018eTuidelines for Inland Empire Communities. Davis,
CA, USDA Forest Service, Pacific Southwest Rese8taltion 1-124, American Forests (2003). Urban
Ecosystem Analysis San Diego, California. Washingf®.C., American Forest&-20, American Forests
(2004). CITYgreen for ArcGIS: Calculating the ValoENature Washington, D.C., American Forests,
McPherson, G., J. R. Simpson, et al. (2005). "MipaicForest Benefits and Costs in Five US Cities."
Journal of Forest{pecember): 411-416.

3 Peper, P. J., E. G. McPherson, et al. (2007). @ityew York, New York Municipal Forest Resource
Analysis. Davis, CA, USDA Forest Service, Pacifaugwest Research Statiah72.

* McPherson, E. G., J. R. Simpson, et al. (2007.Angeles One Million Tree Canopy Cover Assessment
Final Report. Davis, CA, Center for Urban Foress@&¥ch, Pacific Southwest Research Staties0.

® Longcore, T., K. Fitzpatrick, et al. (2001). Asseent of Los Angeles Department of Water and Power
Cool Schools Tree Planting Program. Los Angelestenable Cities Program: University of Southern
California 1-14, Pincetl, S., J. Wolch, et al. (2003). Towar8ustainable Los Angeles: A "Nature's
Services" Approach. Los Angeles, Center for Suatdan Cities: University of Southern Californik-54.




An UEA also provides a baseline of an area’s ufbegst resources, which can be used
to help better manage and preserve these resandds enumerate the benefits of
increasing the existing tree canopy coverage. riiagnitude of these benefits is
dependent upon the urban forest structure - eeg Size, proximity and orientation

(north, south, east, west) to buildings, and typeyght-resistant, low emission of

volatile organic compounds, etc.). Consequernttly,delection of appropriate tree species
and potential locations are a critical componerdarof tree-planting program.

An UEA analyzes tree distributions in urban aresiagia combination of spatial data
(vector and raster) along with specialized softwarbe UEA conducted for this project
utilized Geographic Information System (GIS) tedogy to perform the analysis. GIS
is a computer technology that uses a geographacnretion system as an analytic
framework for managing and integrating data; s@\arproblem; or understanding a
past, present, or future situation.

The UEA of the Claremont Colleges Campuses utili@édygreen, a GIS software
extension for ArcGIS, to articulate the effecti&es on carbon storage, air and water
guality, and stormwater management. CITYgreenelbped by American Forests, helps
people understand the value of trees in relatidheédocal environment. Planners and
natural resources professionals use the softwaestdandscape ordinances, evaluate site
plans, and model development scenarios to capterbenefits of tres CITYgreen
performs various statistical analyses, producessiragiculates benefits based on specific
site conditions, and generates various summaryteptlsing georeferenced data on tree
canopy, buildings, permeable and impermeable sesfdabe software calculates:

Nitrogen Dioxide (NQ) removal (Ibs/year)

Sulfur Dioxide (SQ) removal (Ibs/year)

Ozone (Q) removal (Ibs/year)

Carbon Monoxide (CO) removal (Ibs/year)

Particulate Matter less than 10 microns (PM10) nemh@bs/year)
Carbon storage (total tons)

Carbon sequestration (tons/year)

Runoff reduction (%)

Peak runoff flow reduction (%)

Total avoided runoff storage (cubic ft)

These values are then converted into dollar cashga. A variety of scenarios
(“What-if analysis”) can be analyzed to investigtite effects of various tree planting
and preservation programs. The end product off&¥ @ieen analysis, the “CITYgreen
Analysis Report”, provides a succinct summary efénvironmental and economic
benefits provided by the trees within an area tdrast.

® American Forests (2007). American Forests: Prad&d®ublications2007.



3. CONDUCT AN URBAN ECOSYSTEM ANALYSIS OF THE CLARE MONT
COLLEGES CAMPUSES

The goal of this step was to conduct an UEA ofGheemont Colleges Campuses
enumerating the benefits of the existing ecosystethoutline the expected benefits of
increasing the tree canopy coverage to (35%) agested by American Forests for
suburban residential zones in the Southwest UiStates. In addition, this step utilized
the findings of the Summer 2007 Claremont GradUaiigersity UEA pilot study along
with previously acquired CITYgreen software and @asets. In brief, the steps
required to conduct an UEA are to:

1 — Compile an inventory of GIS datasets from @xgssources
2 — Develop a detailed tree canopy dataset

3 — Conduct an UEA of the existing urban ecosysaachperform “what-if”
analyses of the expected benefits of augmentisgsratem

Specifically, to conduct an urban ecosystem amglyse geographic distribution of
buildings, trees, turf and other permeable surfaaesvell as impermeable surfaces such
as asphalt must be obtained. These can usuatipthened from aerial photographs or
architectural drawings. For this project, manyhase items were obtained from existing
sources (e.g., the Claremont University Consortitlna,Claremont Libraries, and several,
free, online GIS Data resources) and were analfarettheir suitability (e.g., geographic
extent, age, detail, field accuracy, etc.) in ther€mnont Colleges Campuses UEA.

Several Computer Aided Design (CAD) drawings wdramed that encompass the
Claremont Colleges Campuses. These existing CAlvidgs were georeferenced
(assigned coordinates from a known reference systethis case California State Plane)
and converted into several shapefiles (a widelytusetor data storage format for
storing the location, shape, and attributes of gegagc features). The resultant
shapefiles outline the location of the Claremonli€ges Campuses “Buildings”,
“Hardscape” (e.g., asphalt and concrete), and “kaape” (e.qg., turf, ground cover, and
decomposed granite) areas. These locations wene‘tginound truthed” (checked for
accuracy in the field). In addition, the locatiafghe tree canopy were digitized in a
GIS using up to date (late 2007), highly detail@® (neter), satellite imagery as a
reference and exported as the “Tree Canopy” sHapefi

Several GIS data management functions were utii@aedanipulate these data sets and to
create the various data sets required to perfoenCtiiYgreen analysis. The final data
sets consist of: “Study Area”, “Building”, both “IH#scape” and “Landscape” land cover
data sets, and “Tree Canopy” locations. Figured representation of these datasets.
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Figure 1 - Claremont Colleges Campuses UEA GIS Datets

Once these data resources were obtained, the @lat&Polleges Campuses UEA was
conducted using CITYgreen, a software extensio\foG1S, a popular GIS that is
located in many of the Claremont Colleges Campaseguter labs as well as the
computer labs in the Honnold/Mudd Library. The @ndduct of a CITYgreen analysis,
the CITYgreen Analysis Report, provides a concigarsary of the environmental and
economic benefits provided by the trees within maaf interest

Several steps are required to perform a CITYgrestyais. The first of these is the
setting of “Preferences”. Each preference setiragsociated with an analysis model in
CITYgreen. CITYgreen will automatically select,daset, many of these settings given



the location on the study area. However, there Ipeayarious reasons for changing these
default settings. For example, changing the detaubuality reference city to one that
more closely represents the study area, or chamgorgetary values assigned to various
pollutants to reflect current market conditiondheThext steps are straightforward and
involve: merging and converting shapefiles to nasteages, configuring the land cover
data set, and running the analysis.

For this project a baseline analysis was perfortoeabstablish current site conditions.
Four supplementary analyses were performed to atetihe effects of an
increase/decrease of the existing tree canopyaltried growth or tree removal. Selected
results of these analyses are presented in sunforanyn Table 1. Each UEA report is
presented in its entirety in Appendix 1.

Table 1: Claremont Colleges Campuses UEA CITYgreeAnalysis Summary

Total Tree Canopy
75.5 acres (23.6%)

Total Air Pollution Removal
Baseline 15,482 Lbs. removed/year

Total Carbon Tons Sequestered (Annually)
25.30 Tons removed/year

Total Tree Canopy
79.6 acres (24.9%)

Total Air Pollution Removal
5% Increase in Tree Canopy 16,328 Lbs. removed/year

Total Carbon Tons Sequestered (Annually)
26.68 Tons removed/year

Total Tree Canopy
83.7 acres (26.1%)

Total Air Pollution Removal
10% Increase in Tree Canopy | 17,170 Lbs. removed/year

Total Carbon Tons Sequestered (Annually)
28.06 Tons removed/year

Total Tree Canopy
71.7 acres (22.4%)

Total Air Pollution Removal
5% Decrease in Tree Canopy | 14,699 Lbs. removed/year

Total Carbon Tons Sequestered (Annually)
24.02 Tons removed/year




Total Tree Canopy
68.1 acres (21.4%)

Total Air Pollution Removal
10% Decrease in Tree Canopy | 13,963 Lbs. removed/year

Total Carbon Tons Sequestered (Annually)
22.82 Tons removed/year

4. DEVELOP A GIS-BASED METHODOLOGY TO IDENTIFY POTE NTIAL

TREE PLANTING LOCATIONS

The goal of this step was to develop a GIS-basedtiodelogy to identify potential tree
planting locations (where to plant) to meet the2¢3%ree canopy goal based on the
location of the existing buildings, hardscape, &ragbe, and tree canopy. In addition to
increasing the tree canopy, two related goals ak@investigated - reducing building
energy use and urban heat island mitigation.

(35%) Tree Canopy

The first analysis performed was to determine tfeceof increasing the existing tree
canopy coverage to the suggested (35%) coveralge firbt step in this analysis was to
identify existing areas that would be appropriatetfee planting given existing site
conditions across the campuses and to modify thee'Canopy” data set to include
additional tree canopy coverage. This operatiaesstated a trade-off between
Landscape areas and Tree Canopy. This step diderdify all possible locations
suitable for tree planting, but it did include tin@jority of locations. The next step in
this analysis was to re-run the CITYgreen analysik the new Tree Canopy data set.
Table 2 contains the results of the analysis.

Table 2: Claremont Colleges Campuses Modified Tre€anopy CITYgreen Analysis

Total Tree Canopy
90.0 acres (28.1%)

Total Air Pollution Removal
20% Increase in Tree Canopy | 18,460 Lbs. removed/year

Total Carbon Tons Sequestered (Annually)
30.16 Tons removed/year

The results of the analysis indicate that an amltitree-planting program would only
increase the Tree Canopy coverage to (28.1%) heatuggested (35%). This is due
primarily to existing site conditions - buildingsarking areas, hardscape - that in all
probability cannot be modified. While this would & (20%) increase over the existing
Tree Canopy coverage, it falls short of the suggkgbal. This analysis is presented in
its entirety in Appendix 2.



Reducing Building Energy Use

Tree shading alters building cooling and heatiraglfoby reducing incident solar
radiation. However, estimates of the magnitudthisfeffect, and how it is influenced by
the urban forest structure are difficult due to ¢benplexity inherent in tree-sun-building
interactiond. Longcore, Li, and Wilson, discuss this problemd atate that the inability
to calculate energy savings for structures larigan tone or two stories poses a substantial
impediment to the analysis of densely populatedmifeighborhoods However,
foundational research on trees and their effe@rmrgy use are discussed amd
additional research regarding energy savings aisaly® to tree orientation, distance to
building, and canopy siz&and the ability for trees to shade windows andior
conditioner$® has been conducted.

A review of these findind$ indicates that tree orientation, distance to linijdand
canopy size all impact the cooling and heating $oafcbuildings. In particular, large
trees, along the east and west azimuth (slightly & for those along the south), located
within a tree-to-building distance of 15 to 50 fdeve a maximum impact on energy
use. These findings indicate that trees havingelgialities will reduce the summer
cooling load.

The second analysis performed was to create conmuiber zones around the buildings.
These buffer areas, with a tree-to-building diséaoic15 to 50 feet, help to identify the
existing tree canopy that has a high value relateshergy saving. It also helps to
identify those areas that would be suitable fourfeitree planning initiatives. Examples
of these buffers are illustrated in Figures 2 and 3

" Simpson, J. R. (2002). "Improved Estimates of T3hade Effects on Residential Energy Use." Energy
and Buildings34(10): 1067-1076.

8 Longcore, T., C. Li, et al. (2004). "Applicabilinf CITYgreen Urban Ecosystem Analysis Softwara to
Densely Built Urban Neighborhood." Urban Geograpb{?): 173—186.

° Heisler, G. M. (1986). "Energy Savings with Tréelurnal of Arboriculturd 2(5): 113-125, McPherson,
E. G. and R. A. Rowntree (1993). "Energy ConseovaRotential of Urban Tree Planting." Journal of
Arboriculture19(6): 321-331, Simpson, J. R. and E. G. McPhers8Ag}L "Potential of Tree Shade for
Reducing Residential Energy Use in California."rdaliof Arboriculture22(1): 10-18, Simpson, J. R.
(1998). "Urban Forest Impacts on Regional Coolind Heating Energy Use: Sacramento County Case
Study." Journal of Arboriculturg4(4): 201-214, Scott, J. L. and D. R. Betters (200Bgonomic Analysis
of Urban Tree Replacement Decisions." Journal @oficulture26(2): 69-77.

% Simpson, J. R. (2002). "Improved Estimates of I3bade Effects on Residential Energy Use." Energy
and Buildings34(10): 1067-1076.

" Dwyer, M. C. and R. W. Miller (1999). "Using GI8 Assess Urban Tree Canopy Benefits and
Surrounding Greenspace Distributions." Journal dfohiculture25(2): 102-107, Carver, A. D., D. R.
Unger, et al. (2004). "Modeling Energy Savings fromban Shade Trees: An Assessment of the
CITYgreen Energy Conservation Module." EnvironméManagemenB4(5): 650-655.

12 Simpson, J. R. (2002). "Improved Estimates of T3kade Effects on Residential Energy Use." Energy
and Buildings34(10): 1067-1076.
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Figure 2: Claremont Colleges Campuses Tree Canopyulfer Zones for Energy Savings
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F gure 3: Claremont Colleges Campuses Tree CanopyJB‘er Zones for Energy Savings (deta|l)

Urban Heat Island Mitigation

Urban Heat Island (UHI) is the term used to desctite temperature difference between
an urban area and its rural environment. Manggidnd suburbs in the United States
have air temperatures up to 10°F (5.6°C) warmer tha surrounding natural land
cover. In general, an UHI occurs when vegetation isaegml with impervious surfaces
that absorb, retain, and re-radiate more solamggrtean, for example, grass and trees.

Remote sensing of urban heat islands has tradilyonsed the Normalized Difference
Vegetation Index (NDVI) as the indicator of vega&tatabundance to estimate the land
surface temperature vegetation relationshiffhe NDVI is a standardized index that
takes advantage of the contrast of the charadtarist two bands from multi-spectral
raster imagery - the chlorophyll pigment absorpgionthe red (R) band and the high
reflectivity of plant materials in the near infrdr@R) band®. The differential reflection

13U. S. Environmental Protection Agency (2007). Wisa Heat Island?, U. S. Environmental Protection
Agency.2008

“Weng, Q., D. Lu, et al. (2004). "Estimation ofdesurface temperature - vegetation abundance
relationship for urban heat island studies.” RenS#nsing of Environmei®9: 467-483.

15 ESRI Inc. (2008). About the NDVI process, ESRI. [2@08

11



in the R and IR bands signifies areas of vegetatging the spectral reflectivity of solar
radiation.

The formula for the NDVIis: (IR-R)/ (IR + R)

The third analysis performed utilized the NDVI pess to create a single-band dataset
where, in this case, blue/green colors represesaisasf high vegetation while
brown/yellow represent areas of low vegetation{feg 4 and 5). The blue/green colors
can also be said to indicate areas of cooler teatyes (higher reflectivity) while
brown/yellow indicate areas of higher temperatii@ser reflectivity).

12



Figure 4: Claremont Colleges Campuses Surface Reflgvity
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Honnold/Mudd Library

Figure 5: Claremont Colleges Campuses Surface Relévity (detail)

This analysis helps to identify areas that maywiBle to heat island mitigation
strategies such as the use of lighter-coloredecetile surfaces on new developments, the
replacement of existing dark-colored surfaces Wgfhter reflective surfaces, and the
strategic planting of tre€s These UHI mitigation strategies may also helpetiuce
energy use in nearby buildings.

5. INVESTIGATE POTENTIAL TREE PLANTING TYPES

The goal of this step was to investigate potemtesd planting types (what to plant) based
on tree species identified in the “Tree Guidelif@dnland Empire Communities” of

the U.S. Forest Service, a campus-stakeholdeatrééandscape preferences survey, and
guidance from Claremont University Consortium, kaes Management, and Rancho
Santa Ana Botanical Garden.

% Solecki, W. D., C. Rosenzweig, et al. (2005). 'Iiytition of the Heat Island Effect in Urban New
Jersey." Environmental Hazar@is39-49.

" McPherson, E. G., J. R. Simpson, et al. (20018eTuidelines for Inland Empire Communities. Davis,
CA, USDA Forest Service, Pacific Southwest Rese8talion 1-124.

14



Tree Planting Activities and Suitable Tree Types

There are two basic activities and costs associaittca tree planting project: planting
and maintenance. Planting includes the purchéaetipg, staking, and mulching of
trees and is a one-time cost. Maintenance incladgsing activities such as trimming
and pruning, irrigation, pest and disease conimédastructure repair and maintenance,
and other costs such as administration, litigasiod liability. These activities and costs
may be cyclical, varying from year to year, or timegy transpire only when a particular
event occurs.

Table 3 summarizes the cost for each activity baseithe finding from the “Tree
Guidelines for Inland Empire Communitié&” These costs were originally estimated in
2001; new costs were estimated for 2008 assumirmyarage annual inflation rate of
(4%). This information places the one time costpianting a tree in 2008 at about $125
while the estimated annual maintenance cost foFeaih 2008 is about $50 ($50.67 for
young trees less than three years old; $46.06nfatldrees less than 18 feet; $51.66 for
medium trees between 18 to 46 feet; and $50.8kfge trees over 46 feet).

Table 3: Cost Estimates for Tree Planting in InlandEmpire Communities
Average Annual | Average Annual
Activity Cost per Tree Cost per Tree Assumptions/Notes
(2001) (2008)

Planting
(One-time cost)

Purchasing
Planting

This cost ($95.00 (2001), $125.00 (2008))

assumes a 15-gal (57 L) container for a

Staking public tree.

Mulching

Trimming and
Pruning
(Cycle-based cost)
Young (trees younge
than 3 years) $10.2
tree/l year cycle

-

$10.25 $13.49

OT

Small (height<18 ft)
$20.25 tree/3 year $6.75 $8.88

The average annual cost per tree is
cycle

calculated by dividing the cost/tree by its

Medium (height: 18- cycle length.

46 ft) $66.00 tree/6 $11.00 $14.48
year cycle

Large (height>46 ft)
$125.00 tree/12 yeaf $10.42 $13.71
cycle

Pest and Disease
Control $0.17 $0.22
(Cycle-based cost)

Treatments of pest and disease control are
based on needs.

% Ibid.
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Additional irrigation infrastructure is

usually not necessary as newly planted trees

an

to

Irrigation are frequ_eqtly (_as_tabl_ished in areas that ¢
$15.00 $19.74 utilize existing irrigation/water sources. A
(Cycle-based cost) 15-gal v bl . 1
gal newly planted tree typically requires
100-200 gal per year for the first three
years.
This typically includes the management ¢of
conflicts between trees and power lines,
sidewalks, sewers, and other elements o
urban infrastructure. For example,
Infrastructure e -
(Event-based cost) California cities spent a total of $71 millig
($2.36 per capita) on sidewalk, curb and
gutter repair, tree removal and replacement,
prevention methods, and legal/liability co
(McPherson, Simpson et al. 2001).
Repair and Conflicts
Resolution
Damage to sewer mains due to trees is
typically minor during the first 30 years o
. trees life, after which it increases. Costs
Sewer line . o
; also involve the additional labor needed
Maintenance
remove leaves at clogged sewers and
property damage caused by localized
flooding.
Assume that the net costs of waste wood
Recycling and waste disposal are about 1% of total tree care
disposal costs. Claremont recycles 87% of its
municipal wood waste.
Others
(Cycle-based and/or
Event-based cost)
. Assume that 10% of total street sweepin
Litter clean-up $3.63 $4.78 costs are attributed to tree litter clean up|
This includes a $4.18 for sidewalk repair,
_ and mitigation expenditure and a $1.81 f
Legal and Liability $5.99 $7.88 trip and fall claims and legal staff salarie
for tree-related cases.
Inspection and $3.46 $4.55 This includes salaries for supervisors an

Administration

clerical staff, operating costs, and overhe

Tree characteristics (tree types) must be match#doenditions at the tree-planting site
to maximize the potential benefits to the commuriymitigate any conflicts with the
local infrastructure, and to reduce any correspugdost. Table 4 (contained in a
separate file entitled “ccsi_trees_final_2008.x|s'Qvides a list of 75 tree species
suitable for planting in Inland Empire CommunitieSpecifically, this table contains the
Species (Common Name and Scientific Name), Heightadurity, Spread at Maturity
(canopy size), Evergreen/Semi-deciduous/DeciduBtsyth Rate, Cultivars Available,
Ozone Forming Potential, Uses (Street Type, Parki@ercial, Large

16



Residential/Commercial, Small residential/Comméy&tatio, Vertical Screen/Accent),
and General Comments regarding the appearanceafieharacteristics, and other
attributes of the tree.

Campus-Stakeholder Tree and Landscape PreferencesiSey

The “Claremont Colleges Sustainability Survey Pnéliary Report - August 2008”
(contained in a separate file entitled “ccsi_suryegliminary 2008.pdf”) is a
supplemental social survey that was conducted ®pthis project. An initial survey
was conducted during summer 2008 in which all membgClaremont Graduate
University, and the faculty and staff at Pitzerl€gé and Claremont McKenna College
were invited to participate; 315 respondents cotepléhe survey. The remaining data
collection, across all the Claremont Colleges Casepuis scheduled to be completed in
early fall 2008. Selected findings, as they partgecifically tocampus-stakeholder tree
and landscape preferences, are presented below.

Participants were presented with thirteen campudsieape features and asked to report
whether they would like to see more or less of @agksponse to the following scenario:

“Think for a moment about the function and utilitfyvarious landscaping
features on campus. Imagine that you are in chafrgdscape planning at the
Claremont Colleges, and that you can add or remasieus features and
facilities in the landscape at will. What will yalo? For each of the following,
please rate whether you would like to see moress 6f the feature, or if you
think it is appropriate as is.”

Table 5 contains a summary of their responsesargelnumber of respondents wanted to
see more native trees (57.1%), plants, shrubsgemdyht resistant vegetation (58.7%).

A large number of respondents also wanted to see muddoor classrooms (41.6%) and
more specialized outdoor areas like the organio fand the arboretum (45.7%). In
addition, many respondents reported a desire ttesegpavement on the campuses
(34.9%), though a similar proportion thought it glibbe left as is (33.3%).

Table 5: Campus-Stakeholder Tree and Landscape Prefences

Landscape Feature Less/Fewer Leave Aslg More/Great
1. Trees that are native to the local area 0.6% 1%2. 57.1%

2. All trees (including native and non-native) 2.9% 31.1% 34.9%

3. Plants and shrubs that are native to the laea a 0.3% 12.1% 58.7%
4. All plants and shrubs (including native and non- 4.4% 34.3% 29.2%
native)

5. Drought resistant vegetation 0.6% 11.4% 57.1%
6. Open grassy-areas (excluding sports fields) 249.0 30.2% 22.2%

7. Sports and fitness fields 9.2% 45.1% 14.6%
8. Recreation areas like picnic sites 3.2% 33.3% .3%4

9. Outdoor entertainment areas where | can seg¢hea 2.2% 28.9% 38.1%
and concerts

10. Pavement 34.9% 33.3% 1.9%

19 Benjamin J. Marcus (2008). Claremont Colleges&@nability Survey Preliminary Report - August
2008. Claremont, CA, Claremont Graduate Univerdit27.
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11. Outdoor classrooms 4.1% 22.5% 41.6%
12. Specialized outdoor areas like the organic farm 2.5% 21.0% 45.7%
and the arboretum

13. Buildings 5.7% 49.8% 12.1%

Participants were also asked to provide recommentabn ways to improve the campus
landscape. Specifically, they were presented thithe open response questions and
were asked to make recommendations on how to inepitty aesthetics of the landscape,
the sustainability of the landscape, and the fonetiity of the landscape. Over 400
recommendations were collected. The following $&kected sample of those
recommendations:

“The lacrosse field (a.k.a. Parent's field) is ofteer-watered to the point that the
ground will not take in the water, leaving big, nygatches of land...it's
wasteful, inconvenient, and not aesthetically plegs

“Less watering of the landscape, and better maamtes of the irrigation systems
we have.”

“Less open spaces, more outdoor shaded spacessumken courtyard at
Drucker is a step in the right direction designewis

“More landscaping like at the Drucker school patibe terraces and plant
choices are attractive and water conserving -aat llekam guessing so!”

“Create outdoor seating/reading/teaching spacesusitive plants (and tags that
post information about them) - this will look goayss, as well as get people more
in tune with the idea that native plants come large variety and are not all
cactus!”

“More places to sit outside, preferably in the sfad

“More places to sit outdoor in the shade, which ldqarobably mean planting
more trees.”

“Get rid of all the Marathon lawn! Wild grasses dlavers instead! Lawn is
great for playing and sports fields but it is ridmusly wasteful to maintain and
sucks up precious water.”

“Less grass and pavement, more native plants. dt#i@n of native trees,
sycamores and oaks among the most common on caroplasbe utilized as
more attractive, and SHADY place for those who rhigant a place to go
outside and relax/socialize. An improvement onlénge grassy areas, or
pavements which don't attract anyone outside.”
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To summarize, in terms of suggestions to improeegisthetics, sustainability, and
functionality of the Claremont Colleges landscapmgpondents most often suggested
additional outdoor areas for study, relaxation, socialization. Specifically, planned
areas with lots of shade, native vegetation, aadgd to sit were of most interest, while
open, outdoor areas such as large grassy fields, me¢. Respondents also suggested
that the campuses should be more pedestrian fyieadldl that there should be less
pavement and concrete.

6. ANALYSIS, RECOMMENDATIONS, AND FUNDING A TREE PL ANTING
INITIATIVE

The goal of this step was to analyze sustainabie lese practices, make
recommendations for implementing a tree canopy gegart of a Claremont Colleges
sustainable land use policy, and identify sourddaraling and/or partnerships to
conduct a tree planting initiative.

The paper entitled “Policy Considerations for Inmpénting a Sustainable Land Use Plan
for the Claremont University ConsortiGf (contained in a separate file entitled
“ccsi_policy_final_2008.pdf") is a supplemental ogpthat was written as part of this
project. This report analyzes the standards iogplar establishing sustainable land use
practice, reviews case studies of sustainable campmgrams, and makes
recommendations for strategies to achieve a saditi@hand use policy appropriate for
the Claremont University Consortium (CUC). Selddiadings, as they pertain
specifically to implementing a tree-planting pragréo reach a suggested tree canopy
goal of (35%), are presented below.

If the CUC moves forward in adopting a sustainddohel use policy, its goals will be
dictated internally by its specific sphere of rasgbilities to its member colleges, and
externally by the increasingly stringent City ob€@mont and State of California
regulations governing energy usage, water congenyand carbon emissions. In
addition, several influential groups have set stadsl or made compacts regarding
sustainable land use practices. Bringing the Qulihe with these standards and
guidelines will face two important challenges.

First, a campus redesign and funding for a CUC-Waddscaping effort intended to
increase tree canopy and permeable area couldstlg and require intensive
coordination among the campuses. Second, thig $tirthan Ecosystem Analysis of the
Claremont Colleges Campuses: The Claremont Coll8gstainability Initiative) found
that to attain a greater than (27.4%) canopy caxerd require extensive alteration to
the current land use, in particular as it relatesgen grassy areas and parking lots.
Given the City of Claremont’s Sustainability Plaeisphasis on adding treescape to
parking lots, this effort may be in line with theguirements and expectations of City
planners. It may also require a comprehensivesigdef the transportation network
spanning the campuses, including barring cars frivemnal campus travel in favor of

2 Jennifer L. Stokely (2008). Policy Consideratiémsimplementing a Sustainable Land Use Plan fer th
Claremont University Consortium. Claremont, CA, i€laont Graduate University-28.
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tree-covered, permeable pedestrian walkways. ddligion offers multiple benefits in
reducing carbon emissions on the campuses, conggniaduction in car use and
impermeable, heat-generating surface area witleased tree canopy and permeable
surface area. Despite these benefits, howeveg\anh the recommended American
Forests (35%) canopy coverage level would requitensive coordination among the
campuses and should be a joint project undertakéme &£UC level after discussion on
how best to achieve maximum tree canopy.

The costs and benefits to adopting a sustainabtedae policy are many. The costs
associated with adopting a CUC land use policyireguthe implementation and
maintenance of an urban forest at (35%) canopyrdovehe Claremont Colleges
Campuses includes the following planning, impleragan, transaction, and maintenance
costs:

Planning: the Consortium must plan to fund a taskd to model the possible
scenarios for achieving optimal tree canopy cowerathen the impacts of each
scenario, including ecological, fiscal, and liféstynust be evaluated.

Implementation: this will include the planting afditional trees and permeable
landscape features, as well as the campus layangels required to provide the
open space necessary to conduct the plantings.

Transaction: the Colleges and Consortium must aléostaff time and funds both
for initial and for ongoing negotiation and plangiof the campuses’ sustainable
landscape needs.

Maintenance: the ongoing upkeep of the campustfareslandscape resources
will require funding, as will maintaining the newrapus layout features.

A complete cost/benefit analysis must be conduateeh the CUC models its options for
increasing tree canopy. However, these two refgdelicy Considerations for
Implementing a Sustainable Land Use Plan for tle@a@hont University Consortium”
and “Urban Ecosystem Analysis of the Claremont €ydk Campuses: The Claremont
Colleges Sustainability Initiative”) have begurettumerate the fiscal and ecological
benefits associated with each tree planted. Ttermenation of net benefits must be
weighed against each college’s need for carboretsfiand stormwater management cost
reduction. As state energy and carbon reductiquirements go into effect, and local
City ordinances come to bear on college expansidirefurbishment plans, the benefits
of increasing tree canopy will include substanti@dt-avoidance in fines and delayed
environmental impact evaluations. Further, mofieieht resource management across
the campuses will provide cost-avoidance by lowgeannual maintenance fees and
energy costs.

As the CUC begins to examine its options regardicgeasing tree canopy, several
potential funding sources and partnerships have lsatified. As such, the CUC
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should seek to partner with these organizationssemoission is to increase urban
forestation, manage local energy and water reseuacel to improve the region’s
competitiveness through progressive green practitbsse can be classified into three
categories:

Water Resource Managers: The Metropolitan WatetridisThree Valleys
Municipal Water District, and the San Gabriel ama$ lAngeles Rivers and
Mountains Conservancy (RMC) (www.rmc.ca.gov) alda vested interest in
seeing Claremont as a whole increase its tree ganapder to more effectively
use their water resources, and to control the gyaarid purity of stormwater
runoff

Urban Forest/Green Infrastructure Initiatives: Salsources of funding exist for
increasing tree canopy in urban areas. Poteninalifng partners with this focus
include American Forests; and California ReLead, thban forestry division of
the Trust for Public Land. The public utilitiesgeing Claremont will be
interested in any project that can demonstrateceedse in carbon emissions
related to energy production or water conservatiowards this end, emphasizing
the shading, cooling and water conservation benefitrees in an improved
campus design will increase available funding oyio

Green Economic Development: The Green Valley hintafocuses on promoting
economic growth in the region by attracting the egmg green technology
sector. Towards this end GVI encourages local gouents to adopt sustainable
practices in order to increase the region’s aftraness to these businesses,
whose management and employees value these psaictitteeir locational
choices.

The adoption of a sustainable land use policy idjuire CUC members to change their
land use practices in ways that will affect marakeholders. The long-term benefits
however, from cost savings to a healthier campus@mment, will allow CUC members
to compete in the more sustainable economy of 1lsé @&ntury.

7. RECOMMENDATIONS

The objective of this project was to conduct andagrkEcosystem Analysis of the
Claremont Colleges Campuses and devise a comprebaeamsl integrated tree planting
strategy to meet a tree canopy goal of (35%).

Several steps were required to meet this objeativethe recommendations derived from
each activity each are outlined below:

Conduct an UEA of the Claremont Colleges Campuses

Results from analysis indicate that the currerg t@nopy coverage for the Claremont
Colleges Campuses is (23.6%). When compared titasiamtban settings, this value
would fall near the median and when compared to ieae Forests suggested (35%)
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coverage for this region, there is evidently mumbnn for improvement. These
deficiencies strengthen the argument in favor ofgasing the tree canopy.

Develop a GIS-based methodology to identify poterat tree planting locations

Results from analysis indicate that an ambitioae-flanting program would only
increase the Tree Canopy coverage to (28.1%)heatuggested (35%). Existing site
conditions - buildings, parking areas, landscapd,lerdscape - are impacting the ability
to substantially increase the tree canopy. Hearoggffort to increase the tree canopy
would require broad changes in current land usieg®lin particular as it relates to open
grassy areas and parking lots.

Results from analysis indicate that tree orientatéistance to building, and canopy size
all impact the cooling and heating loads of buidgin In particular, large trees, along the
east and west azimuth (slightly less so for thdsegathe south), located within a tree-to-
building distance of 15 to 50 feet, have the maxmmpact on energy use. Therefore,
any future tree-planting program should look tdude these parameters when selecting
locations for trees.

Results from analysis indicate that the NDVI praecescreate a single-band dataset that
can help to identify areas that may be suitableetat island mitigation strategies such as
the use of lighter-colored, reflective surfacesnew developments, the replacement of
existing dark-colored surfaces with lighter refieetsurfaces, and the strategic planting
of trees. Again, any future tree-planting progistmould look to include these parameters
when selecting locations for trees.

Investigate potential tree planting types

The two basic activities and costs associated avitee-planting project include planting
and maintenance. Further, these activities ant$ coay be cyclical, varying from year
to year, or they may transpire only when a paréicevent occurs. This information
places the one time cost for planting a tree irB2&0about $125 while the estimated
annual maintenance cost for a tree in 2008 is a®Bit

Tree characteristics must be matched with condstadrthe tree-planting site to maximize
the potential benefits to the community, to mitegahy conflicts with the local
infrastructure, and to reduce any corresponding cbs that end, a list of 75 tree species
suitable for planting in Inland Empire Communithess been compiled for use in the
selection of appropriate tree species.

Results from analysis indicate that a large nunabeampus-stakeholders would like to
see more native trees, plants, shrubs, and droagistant vegetation. A similar number
would also like to see more outdoor areas for strelgxation, and socialization though
this does not indicate a desire for large grasdgdi It was also suggested that the
campuses should be more pedestrian friendly, atdhlere should be less pavement and
concrete. These preferences should be considdred devising any future landscape
plans and tree selections.
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Analysis, recommendations, and funding a tree plairtg initiative

Should the CUC move forward in adopting a sustdenkmd use policy, it should be
aware that its goals will be dictated internallyitsymember colleges, and externally by
the increasingly stringent City of Claremont andt&tof California regulations governing
energy usage, water conservation, and carbon emsssin addition, several influential
groups have set standards (City of Claremont) ve ldtiated guidelines (American
Forests) regarding sustainable land use practices.

The costs and benefits associated with adopting@ @and use policy requiring the
implementation and maintenance of an urban fotg@580) canopy cover for the
Claremont Colleges Campuses are many. Howevds cas be mitigated through the
innovative use of funding partnerships.

The adoption of a sustainable land use policy wijuire CUC members to change their
land use practices in ways that will affect marakeholders. In the short-term the
benefits include substantial cost-avoidance insfiaed delayed environmental impact
evaluations while in the long-term cost savings tua healthier campus environment,
will allow CUC members to compete in the more sustale economy of the 21st
century.
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10. APPENDIX 1

Baseline - Claremont Colleges Campuses UEA CITYgraeeAnalysis Summary
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5% Increase in Tree Canopy - Claremont Colleges Capuses UEA CITYgreen Analysis Summary
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10% Increase in Tree Canopy - Claremont Colleges @apuses UEA CITYgreen Analysis Summary
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5% Decrease in Tree Canopy - Claremont Colleges Causes UEA CITYgreen Analysis Summary
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10% Decrease in Tree Canopy - Claremont Colleges @guses UEA CITYgreen Analysis Summary

31



11. APPENDIX 2

20% Increase in Tree Canopy - Claremont Colleges @apuses UEA CITYgreen Analysis Summary
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