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Abstract

During summer (2007) a GIS-based Urban Ecosysteaty8is of the Claremont
Graduate University campus was conducted. Thesarel was part of a larger initiative
supported by the Council of Presidents to assessrttironmental impact of the
Claremont Colleges Campuses and to implement neasidnd approaches for
advancing environmental sustainability. The analgenducted for this project
enumerates the benefits of the existing urban stesyand outlines the expected
benefits of augmenting this system. Specificdlis project investigated the benefits of
increasing the urban tree canopy through the pigraind preservation of appropriate tree
species, which can provide measurable benefitsananic, environmental, energy
saving, and social terms.

5.1 Project Overview

The objective of this project was to conduct andgrEcosystem Analysis (UEA) of the
Claremont Graduate University (CGU) campus thatld/subsequently serve as a pilot
study for future Urban Ecosystem Analyses of afir€nont Colleges Campuses.
Several steps were required to meet this objective:

1 — Compile an inventory of GIS-readable datasmtsi$e in an Urban Ecosystem
Analysis.

2 — Develop a detailed tree inventory.

3 — Conduct an Urban Ecosystem Analysis of thetiegsirban ecosystem and
perform “what-if” analyses of the expected benafitaugmenting this system.

4 — Summarize the various “lessons learned” forimgeture sustainability
activities.

5 — Disseminate project output.
5.2  Why Conduct an Urban Ecosystem Analysis?

An Urban Ecosystem Analysis (UEA) is a methodol@myestablishing the
environmental and economic benefits of trees wittmmArea of Interest. Trees provide



communities with many valuable services that cambasured in terms of quantifiable
benefitd that include:

Stormwater Runoff Reduction — trees reduce the infrastructure needed to
manage stormwater and reduce the need for landgcigagion.

Improved Air and Water Quality — trees absorb and filter air pollution plus they
filter surface water and prevent erosion.

Carbon Storage and Sequestratior- trees absorb carbon dioxide thereby
lowering the rate of global warming.

Reduced Summer Energy Use trees provide building shade and help to
mitigate the heat island effect and in so doinduce air conditioning use,
electricity costs, and air pollution from the geatean of electricity.

An UEA also provides a baseline of an area’s ufbegst resources that can be
used to help community leaders better manage tleeserces and to extract additional
benefits from increased tree coverage.

Additionally, trees provide benefits that, while radifficult to quantify, include
improved scenic values and improved human healthasatl being.

5.3  What is an Urban Ecosystem Analysis?

An UEA is a methodology for analyzing tree disttibas in urban areas using a
combination of spatial data (vector and rastem@hith specialized software. The UEA
conducted for this project utilized Geographic mfation System (GIS) technology to
perform the analysis. GIS is a computer technotbgy uses a geographic information
system as an analytic framework for managing ateymating data; solving a problem;
or understanding a past, present, or future sdgnatin addition to GIS, a project-
developed geodatabase along with ground samplainigues (e.g., the tree inventory)
were used to create a model for the CGU UEA.

The CGU UEA utilized this model and CITYgreen, &Gbftware extension for
ArcGIS, to articulate the effect of trees on stoat®ey management, air and water quality,
carbon storage, and energy conservation.

! McPherson, E. G., J. R. Simpson, et al. (20018eTGuidelines for Inland Empire Communities. Davis,
CA, USDA Forest Service, Pacific Southwest Rese&tation 1-124.

, American Forests (2003). Urban Ecosystem Ansli$sin Diego, California. Washington, D.C.,
American Forestsl-20.

, American Forests (2004). CITYgreen for ArcGl&l¢tlating the Value of Natur&Vashington,
D.C., American Forests.

, McPherson, G., J. R. Simpson, et al. (2005).ridipal Forest Benefits and Costs in Five US
Cities." Journal of Forestfipecember): 411-416.




"CITYgreen is a software tool developed by Ameri€amests that helps people
understand the value of trees to the local enviemtmPlanners and natural
resources professionals use the program to ted$dape ordinances, evaluate site
plans, and model development scenarios that catftareenefits of tree<."

CITYgreen performs various statistical analysesdpces maps, calculates
benefits based on specific site conditions, aneiggas a summary report. Using
georeferenced data on trees, buildings, permealblén@ermeable surfaces, the program
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 can be converted into dollar coshgaviA variety of scenarios
(e.g., before and after) can be analyzed to inyatgithe effects of different tree-planting
and preservation programs as well.

54 CGU Urban Ecosystem Analysis

To conduct an urban ecosystem analysis, the geigrdjstribution of buildings, trees,
grassy and other permeable surfaces, and imperensatibces must be obtained. Most
of these can be obtained from aerial photograplasatiitectural drawings. For this
project, many of these items were obtained frorsteng sources (e.g., the Claremont
University Consortium and the Claremont Librariesyl were analyzed for their
suitability (e.g., geographic extent, age, defald accuracy, etc.) in the CGU UEA.

A Computer Aided Design (CAD) drawing (Figures &rid 5.2) was obtained
that encompasses all of the Claremont Colleges G@aesp This existing CAD drawing
was then georeferenced (assigning coordinates dr&nmown reference system, such as
latitude/longitude, UTM, or State Plane, to therdimates of a raster or vector date’set
and converted into several shapefiles (a vecta starage format for storing the

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

3 ESRI (2005). ArcGIS Desktop Help: GIS GlossarydRads, CA, ESRI, Inc.



location, shape, and attributes of geographic fedfu These resultant shapefiles were
used to form the foundation upon which project-dpeGIS data sets were built.

Several spatial data management functions weligadito manipulate these data
sets and to create the various GIS data sets egbparperform the CITYgreen analysis.
These data sets include: a study area boundamyréFtg3), several land cover data sets
(Figures 5.4, 5.5, 5.6, 5.7, and 5.8), and treation (Figure 5.11) and canopy (Figures
5.12 and 5.13).

To obtain the location of the trees, it was iniyidhought that the use of a highly
accurate (sub-meter) Global Positioning System (&R8ice would be required.
However, after several discussions among the teeambrars, it was determined that the
use of a sub-meter GPS would not be required. r&efaetors were analyzed in this
regard: the high cost of the device - $5,000+;apion of borrowing such a device from
local Claremont Colleges sources; and the likelththat it would not be possible to
receive a clear signal from the satellites duautarser tree canopy coverage thus
rendering the device practically useless. As altg$was decided to survey the location
of the trees in the field using paper-based majgui(€ 5.9). A Tree Inventory Data
Collection Sheet (Figure 5.10) was utilized to relcihe species, trunk diameter, height,
etc. of each tree. Upon completion of the fieldssy, the locations of the trees were
digitized in a GIS using the paper-based mapsrateeence and exported as the “Trees”
shapefile. Similarly, the information from the €rlmventory Data Collection Sheet was
entered into an Excel spreadsheet and merged hdtfirees shapefile. An example of
the this information is shown in Figure 5.14 whé&ree Locations are displayed along
with their corresponding scientific and common name

Once these data resources were obtained, the CGUWAE conducted using
CITYgreen, a software extension for ArcGIS, a pap@IS that is located in many of
the Claremont Colleges Campuses computer labs laasmhie computer labs in the
Honnold/Mudd Library. The end product of a CITYgneanalysis, the CITYgreen
Analysis Report, provides a succinct summary ofaiin@ronmental and economic
benefits provided by the trees within Areas of lege.

Visual representations of Steps 1 and 2 of the CEA are presented below.

* Ibid.



Step 1 — GIS Data Collection
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Figure 5.1. Initial Computer Aided Design (CAD) dawing of the Claremont Colleges
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Figure 5.2. Initial Computer Aided Design (CAD) drawing of the Harvey Mudd Campus (detail)
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Figure 5.3. Study Area - CGU UEA
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Figure 5.4. Turf Areas - CGU UEA
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Figure 5.5. Ground Cover Areas - CGU UEA
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Figure 5.6. Asphalt Areas - CGU UEA




College Avenue

Dartmouth Avenue

1N i

Concrete

Asphait

Ground Cover

Turf

Study Area

Figure 5.7. Concrete Areas - CGU UEA
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Figure 5.8. Building Areas - CGU UEA




Step 2 — Tree Inventory Data Collection
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Figure 5.9. Paper-based Tree Inventory Data Colléion Map- CGU UEA




Tree Inventory Data Sheet

Tree ID#: | ‘

Tag ID#: | | (if available)

Species: |

Diameter at Breast Height (DBH):

Multiple Trunk: (if present)

Circumference =|:| inches Mumber = I:I
Height: Diameter of Canopy: (approximate)
1=<25feet
Height Class = |:| 2=25-45feet | Diameter = |:| faet
3 == 45 feet
Health: Growing Conditions:
5 = Excellent 3 = Good
Health Class = I:I 4 = Good Condition Class = |:| 2 = Fair
2 =Far 1 =Poor
2 = Poor
1 =Dead

Evaluate overall tree health by inspecting the
tree's crown, trunk, and roots. Look for exposed
racts, missing bark, decay, or unbalanced foliage
as signs of an unhealthy tree.

Make a determination of growing condition based
upon your knowledge of the site charactenistics.

Understory Condition: [circle one)

Impervious  (including all paved and
unpaved surfaces (concrete,
asphalt, bare soil, and
compacted gravel)

Grass (Including grass groundcover)

Forest Litter  (leaves, twigs, flower, fruit and

other natural tree droppings)

Comments:

Figure 5.10. Tree Inventory Data Collection SheetCGU UEA




Figure 5.11. Tree Locations - CGU UEA




Figure 5.12. Tree Canopy Areas - CGU UEA




Figure 5.13. Tree Canopy Areas (detail) - CGU UEA




Figure 5.14. Tree Locations (detail) with Scienti€ and Common Names - CGU UEA




Step 3 — Analysis Results

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 site. However, there bwyarious reasons for changing these

default settings. For example, changing the detaubuality reference city to one that
more closely represents your study site, or chantjia monetary values assigned to

various pollutants to reflect current market coiodis. The next steps are straightforward

and involve: merging and converting shapefilesagiar images, configuring the land

cover data set, and running the analysis.

For this project a baseline analysis was perfortoabstablish current site
conditions. Five additional analyses were perfataesimulate the effects of Tree
Growth over time and the initiation of a Tree Piagtprogram. Analysis of the Tree
Planting Baseline scenario assumed the plantidg ohature trees (10 foot canopy
diameter). The framework representing this methaglois illustrated in Table 5.1.
Selected results of these analyses are presensenimary form in Table 5.2. Each

report is presented in total in Appendix 1.

Tree Growth

Baseline

5% Increase in
Tree Canopy

10 % Increase in
Tree Canopy

Baseline

5 % (16)

Tree Planting Additional Trees

Table 5.1. CGU UEA CITYgreen Analysis Framework







Tree Growth

Baseline

5% Increase in Tree
Canopy

10 % Increase in Tree
Canopy

Baseline

Total Tree Canopy
2.7 acres (23.4%)

Total Air Pollution Removal

Total Tree Canopy
2.9acres (25.4%)

Total Air Pollution Removal

Total Tree Canopy
3.2acres (27.4%)

Total Air Pollution Removal

556 Lbs. removed/year

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

605 Lbs. removed/year

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

652 Lbs. removed/year

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

Tree Planting

5 % (16) Additional Trees

Total Tree Canopy
2.7 acres (23.7%)

Total Air Pollution Removal

Total Tree Canopy
3.0acres (25.7%)

Total Air Pollution Removal

Total Tree Canopy
3.2acres (27.7%)

Total Air Pollution Removal

562 Lbs. removed/year

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

610 Lbs. removed/year

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

658 Lbs. removed/year

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

Table 5.2. CGU UEA CITYgreen Analysis Summary




Step 4 — Lessons Learned
For each of the three major steps involved in tB&JQJEA, several “Lessons Learned”
are presented below.

1 — Compile an inventory of GIS-readable dataset®f use in an Urban
Ecosystem Analysis.

The Claremont Colleges Campuses CAD drawing thatatgained was derived
from many sources (CUC, college facilities, et@his has undoubtedly had an
impact on the accuracy, unity, etc. of the restl@ii$ datasets.

Existing CAD drawings were not georeferenced. Tothese drawing were
georeferenced for this project, this is neithetraightforward nor precise process.

Many hours were required in the field to survey detineate surface areas (turf,
ground cover, impervious surfaces, etc) in AutoCaid transfer them into GIS
for coefficient assignment for analysis in CITYgnee

Satellite imagery is available from the librarywever, more recent imagery is
available online with minimal investment.

There is a general lack of metadata for existing @id satellite datasets.

2 — Develop a detailed tree inventory.
319 trees surveyed in 20 hours = 16 trees/hour.

Trees were identified with taxonomic keys and aonéid at the Rancho Santa
Ana Botanic Garden (RSABG) herbarium. Speciafistsmn RSABG helped with
some specimen identifications.

42 species of trees and 2 species of palms wendfidd (there is a mix of
introduced and native trees) indicating a ratheeidie campus ecosystem. A
more diverse ecosystem is less vulnerable to pest®ther diseases.

Many of these trees are valuable in less quankfisdyms — their attractiveness
and the flowers and fruits they produce. Howeseme trees, such as the
Sycamore, are problematic. Sycamores have a ligsisubstance that drops and
will bond with just about anything and is very difflt to remove.

Paper maps and paper forms were utilized to pertbentree inventory. A GPS
device was not utilized. Using paper maps appedss the best method to
produce accurate GIS data sets. However, muchdimkl be saved during, and
after the survey is completed, if the Tree Invendata Sheet were in a digital



format — that is, if the data were entered int@@ick (PDA or laptop) during the
survey in the field.

When performing a CITYgreen analysis, a detailed tnventory, such as this, is
not essential — it is useful but not essential.

3 — Conduct an Urban Ecosystem Analysis of the efilsg urban ecosystem
and perform “what-if” analyses of the expected benfés of augmenting this
system.

The use of the CITYgreen extension, along with @GtyReports, is not a “bug-
free” endeavor.

Many parameters must be selected before a CITY@palysis may commence.
There are many default settings but, to custontiegeahalysis, these parameters
must be reset — there are many and they are vaaete In addition to these
initial parameters, there are a number of paramdi@t must be set when each
analysis is performed. Again, there are many hag are detailed. The analytic
parameters that were utilized in this study cotldigd form the basis of future
CITYgreen analyses at the Claremont Colleges —ishé#tere is no need to
“reinvent the wheel”.

Energy savings calculations are no longer availabthe newer versions of
CITYgreen — the calculations that were availableenspplicable to residential
buildings only.

Step 5 — Disseminate Information

A website was developed to disseminate the ougpgt,(GIS data sets) and findings
(e.g., reports) of this project. There are sestilmn Reports, Web Maps, GIS Data, and
Resources. This website is located at: http://caandgu.edu/ccsi/

55 Future Steps
Recommendations

Future research should focus on conducting a cdmpseve Urban Ecosystem Analysis
of the Claremont Colleges Campuses utilizing thdifigs of this study. Recent



examples of this type of analysis, though on adasgale, include New York Ciyand
Los Angele8 as well as two reports from the University of $muh Californid.

This analysis would require up-to-date, comprehensietailed GIS data sets of
the Claremont Colleges Campuses. The developnén¢se data sets would require the
use of existing CAD drawings from all the schodsagll as the Claremont University
Consortium. These data sets would useful for &ItWEA and would be of immense use
to the related initiatives of the 2007 Claremontl€yes Sustainability Initiative,
specifically the Harvey Mudd environmental susthihty project. Beyond these, these
data sets would be useful for many other campudswaed applications such as
emergency planning.

One problem encountered during this study wasrtability to perform energy
savings calculations with CITYgreen. Longcore,dnd Wilson, discuss this problem
and state that the inability to calculate energyrggs for structures larger than one or
two stories poses a substantial impediment to laéysis of densely populated urban
neighborhoods. They further state that this isanfatiling of CITYgreen, but represents
the current state of reseafch

Foundational research on trees and their effeein@ngy use have been
discusset Further research regarding energy savings asalyg to tree orientation,
distance to building, and canopy st2ethe ability for trees to shade windows and/or air

® 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. (20073.Angeles One Million Tree Canopy Cover Assessment
Final Report. Davis, CA, Center for Urban Foressé&ach, Pacific Southwest Research StatiebO.

" Longcore, T., K. Fitzpatrick, et al. (2001). Asseent of Los Angeles Department of Water and Power
Cool Schools Tree Planting Program. Los Angelestainable Cities Program: University of Southern
California 1-14.

, Pincetl, S., J. Wolch, et al. (2003). Towardust8inable Los Angeles: A "Nature's Services"
Approach. Los Angeles, Center for Sustainable €ititniversity of Southern Californid-54.

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

° Heisler, G. M. (1986). "Energy Savings with Tréelurnal of Arboriculturd 2(5): 113-125.

, McPherson, E. G. and R. A. Rowntree (1993). tgyn€onservation Potential of Urban Tree
Planting." Journal of Arboriculturg9(6): 321-331.

, Simpson, J. R. and E. G. McPherson (1996). 'tRiateof Tree Shade for Reducing Residential
Energy Use in California." Journal of Arboriculti2g(1): 10-18.

, Simpson, J. R. (1998). "Urban Forest ImpactRegional Cooling and Heating Energy Use:
Sacramento County Case Study." Journal of ArbdriceiP4(4): 201-214.

, Scott, J. L. and D. R. Betters (2000). "EconoArielysis of Urban Tree Replacement
Decisions." Journal of Arboricultur25(2): 69-77.

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



conditioner$’; and the mitigation of the heat island efféttave also been discussed.
Consequently, a methodology to calculate energygavor large buildings using GIS
should be developed as part of any future sustaityahitiatives.

The United Nations University Institute of Advancgtidies has discussed the
UEA approach?® and has identified the todfsneeded to perform such analyses. They
state that the ecosystem approach is particulambprtant for urban areas in light of the
growing importance of ecological issues and thegaition of the interconnectedness of
social, economic, and environmental systems. Euribre, urban areas are increasingly
the location of human activities and their assedatcological impacts can be met with
ecosystem approaches to environmental managemgmilfoy and planning responses.
With this is mind, hopefully, this study has prostinsight into the benefits of
increasing the urban tree canopy through the pigraind preservation of appropriate tree
species as it relates to environmental sustaimahbitid has added to the knowledge base
currently available in the field.

" Dwyer, M. C. and R. W. Miller (1999). "Using GI8 Assess Urban Tree Canopy Benefits and
Surrounding Greenspace Distributions." Journal difodiculture25(2): 102-107.

, Carver, A. D., D. R. Unger, et al. (2004). "Mbdg Energy Savings from Urban Shade Trees:
An Assessment of the CITYgreen Energy Conservatlodule.” Environmental Managemesw(5): 650-
655.

12 50lecki, W. D., C. Rosenzweig, et al. (2005). 'Ipttion of the Heat Island Effect in Urban New
Jersey." Environmental Hazar@is39-49.

13 Marcotullio, P. J. and G. Boyle (2003). Defining Bcosystem Approach to Urban Management and
Policy Development. Toyko, Japan, United NationsveErsity Institute of Advanced Studies-28.

¥ piracha, A. L. and P. J. Marcotullio (2003). Urlizzpsystem Analysis: Identifying Tools and Methods.
Toyko, Japan, United Nations University Institufeddvanced Studiesl-22.
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5.7 Appendix 1 — CGU UEA CITYgreen Reports
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