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Abstract 
During summer (2007) a GIS-based Urban Ecosystem Analysis of the Claremont 
Graduate University campus was conducted.  This research was part of a larger initiative 
supported by the Council of Presidents to assess the environmental impact of the 
Claremont Colleges Campuses and to implement new ideas and approaches for 
advancing environmental sustainability.  The analysis conducted for this project 
enumerates the benefits of the existing urban ecosystem and outlines the expected 
benefits of augmenting this system.  Specifically, this project investigated the benefits of 
increasing the urban tree canopy through the planting and preservation of appropriate tree 
species, which can provide measurable benefits in economic, environmental, energy 
saving, and social terms. 
 
 
5.1 Project Overview 
The objective of this project was to conduct an Urban Ecosystem Analysis (UEA) of the 
Claremont Graduate University (CGU) campus that would subsequently serve as a pilot 
study for future Urban Ecosystem Analyses of all Claremont Colleges Campuses.  
Several steps were required to meet this objective: 
 

1 – Compile an inventory of GIS-readable datasets for use in an Urban Ecosystem 
Analysis. 
 
2 – Develop a detailed tree inventory. 
 
3 – Conduct an Urban Ecosystem Analysis of the existing urban ecosystem and 
perform “what-if” analyses of the expected benefits of augmenting this system. 
 
4 – Summarize the various “lessons learned” for use in future sustainability 
activities. 
 
5 – Disseminate project output. 

 
 
5.2 Why Conduct an Urban Ecosystem Analysis? 
An Urban Ecosystem Analysis (UEA) is a methodology for establishing the 
environmental and economic benefits of trees within an Area of Interest.  Trees provide 



communities with many valuable services that can be measured in terms of quantifiable 
benefits1 that include: 
 

Stormwater Runoff Reduction – trees reduce the infrastructure needed to 
manage stormwater and reduce the need for landscape irrigation. 
 
Improved Air and Water Quality  – trees absorb and filter air pollution plus they 
filter surface water and prevent erosion. 
 
Carbon Storage and Sequestration – 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 doing, reduce air conditioning use, 
electricity costs, and air pollution from the generation of electricity. 

 
 

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

Additionally, trees provide benefits that, while more difficult to quantify, include 
improved scenic values and improved human health and well being. 
 
 
5.3 What is an Urban Ecosystem Analysis? 
An UEA is a methodology for analyzing tree distributions in urban areas using a 
combination of spatial data (vector and raster) along with specialized software.  The UEA 
conducted for this project utilized Geographic Information System (GIS) technology to 
perform the analysis.  GIS is a computer technology that uses a geographic information 
system as an analytic framework for managing and integrating data; solving a problem; 
or understanding a past, present, or future situation.  In addition to GIS, a project-
developed geodatabase along with ground sampling techniques (e.g., the tree inventory) 
were used to create a model for the CGU UEA. 
 

The CGU UEA utilized this model and CITYgreen, a GIS software extension for 
ArcGIS, to articulate the effect of trees on stormwater management, air and water quality, 
carbon storage, and energy conservation. 

                                                 
1 McPherson, E. G., J. R. Simpson, et al. (2001). Tree Guidelines for Inland Empire Communities. Davis, 
CA, USDA Forest Service, Pacific Southwest Research Station: 1-124. 
 , American Forests (2003). Urban Ecosystem Analysis San Diego, California. Washington, D.C., 
American Forests: 1-20. 
 , American Forests (2004). CITYgreen for ArcGIS: Calculating the Value of Nature. Washington, 
D.C., American Forests. 
 , McPherson, G., J. R. Simpson, et al. (2005). "Municipal Forest Benefits and Costs in Five US 
Cities." Journal of Forestry(December): 411-416. 
  



 
"CITYgreen is a software tool developed by American Forests that helps people 
understand the value of trees to the local environment.  Planners and natural 
resources professionals use the program to test landscape ordinances, evaluate site 
plans, and model development scenarios that capture the benefits of trees."2 

 
 

CITYgreen performs various statistical analyses, produces maps, calculates 
benefits based on specific site conditions, and generates a summary report.  Using 
georeferenced data on trees, buildings, permeable and impermeable surfaces, the program 
calculates: 
 

· Nitrogen Dioxide (NO2) removal (lbs/year) 
· Sulfur Dioxide (SO2) removal (lbs/year) 
· Ozone (O3) removal (lbs/year) 
· Carbon Monoxide (CO) removal (lbs/year) 
· Particulate Matter less than 10 microns (PM10) removal (lbs/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 cost savings.  A variety of scenarios 
(e.g., before and after) can be analyzed to investigate the effects of different tree-planting 
and preservation programs as well. 
 
 
5.4 CGU Urban Ecosystem Analysis 
To conduct an urban ecosystem analysis, the geographic distribution of buildings, trees, 
grassy and other permeable surfaces, and impermeable surfaces must be obtained.  Most 
of these can be obtained from aerial photographs or architectural drawings.  For this 
project, many of these items were obtained from existing sources (e.g., the Claremont 
University Consortium and the Claremont Libraries) and were analyzed for their 
suitability (e.g., geographic extent, age, detail, field accuracy, etc.) in the CGU UEA. 
 

A Computer Aided Design (CAD) drawing (Figures 5.1 and 5.2) was obtained 
that encompasses all of the Claremont Colleges Campuses.  This existing CAD drawing 
was then georeferenced (assigning coordinates from a known reference system, such as 
latitude/longitude, UTM, or State Plane, to the coordinates of a raster or vector data set3) 
and converted into several shapefiles (a vector data storage format for storing the 
                                                 
2 American Forests (2007). American Forests: Products & Publications. 2007. 
  
3 ESRI (2005). ArcGIS Desktop Help: GIS Glossary. Redlands, CA, ESRI, Inc. 
  



location, shape, and attributes of geographic features4).  These resultant shapefiles were 
used to form the foundation upon which project-specific GIS data sets were built. 
 

Several spatial data management functions were utilized to manipulate these data 
sets and to create the various GIS data sets required to perform the CITYgreen analysis.  
These data sets include: a study area boundary (Figure 5.3), several land cover data sets 
(Figures 5.4, 5.5, 5.6, 5.7, and 5.8), and tree location (Figure 5.11) and canopy (Figures 
5.12 and 5.13). 
 

To obtain the location of the trees, it was initially thought that the use of a highly 
accurate (sub-meter) Global Positioning System (GPS) device would be required.  
However, after several discussions among the team members, it was determined that the 
use of a sub-meter GPS would not be required.  Several factors were analyzed in this 
regard: the high cost of the device - $5,000+; the option of borrowing such a device from 
local Claremont Colleges sources; and the likelihood that it would not be possible to 
receive a clear signal from the satellites due to summer tree canopy coverage thus 
rendering the device practically useless.  As a result, it was decided to survey the location 
of the trees in the field using paper-based maps (Figure 5.9).  A Tree Inventory Data 
Collection Sheet (Figure 5.10) was utilized to record the species, trunk diameter, height, 
etc. of each tree.  Upon completion of the field survey, the locations of the trees were 
digitized in a GIS using the paper-based maps as a reference and exported as the “Trees” 
shapefile.  Similarly, the information from the Tree Inventory Data Collection Sheet was 
entered into an Excel spreadsheet and merged with the Trees shapefile.  An example of 
the this information is shown in Figure 5.14 where Tree Locations are displayed along 
with their corresponding scientific and common names. 
 

Once these data resources were obtained, the CGU UEA was conducted using 
CITYgreen, a software extension for ArcGIS, a popular GIS that is located in many of 
the Claremont Colleges Campuses computer labs as well as the computer labs in the 
Honnold/Mudd Library.  The end product of a CITYgreen analysis, the CITYgreen 
Analysis Report, provides a succinct summary of the environmental and economic 
benefits provided by the trees within Areas of Interest. 
 

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

                                                 
4 Ibid. 
  



Step 1 – GIS Data Collection 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.1.  Initial Computer Aided Design (CAD) drawing of the Claremont Colleges 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.2.  Initial Computer Aided Design (CAD) drawing of the Harvey Mudd Campus (detail) 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.3.  Study Area - CGU UEA 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.4.  Turf Areas - CGU UEA 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.5.  Ground Cover Areas - CGU UEA 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.6.  Asphalt Areas - CGU UEA 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.7.  Concrete Areas - CGU UEA 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.8.  Building Areas - CGU UEA 
 



Step 2 – Tree Inventory Data Collection 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.9.  Paper-based Tree Inventory Data Collection Map- CGU UEA 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.10.  Tree Inventory Data Collection Sheet - CGU 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 Scientific and Common Names - CGU UEA 
 



Step 3 – Analysis Results 
Several steps are required to perform a CITYgreen analysis.  The first of these is the 
setting of “Preferences”.  Each preference setting is associated with an analysis model in 
CITYgreen.  CITYgreen will automatically select, and set, many of these settings given 
the location on the study site.  However, there may be various reasons for changing these 
default settings.  For example, changing the default air quality reference city to one that 
more closely represents your study site, or changing the monetary values assigned to 
various pollutants to reflect current market conditions.  The next steps are straightforward 
and involve: merging and converting shapefiles to raster images, configuring the land 
cover data set, and running the analysis. 
 

For this project a baseline analysis was performed to establish current site 
conditions.  Five additional analyses were performed to simulate the effects of Tree 
Growth over time and the initiation of a Tree Planting program.  Analysis of the Tree 
Planting Baseline scenario assumed the planting of 16 mature trees (10 foot canopy 
diameter).  The framework representing this methodology is illustrated in Table 5.1.  
Selected results of these analyses are presented in summary 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  

 
  

Tree Planting 
5 % (16) 

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 
556 Lbs. removed/year 
 
Total Carbon Tons 
Sequestered (Annually) 
0.91 Tons removed/year 
 

Total Tree Canopy 
2.9 acres (25.4%) 
 
Total Air Pollution Removal 
605 Lbs. removed/year 
 
Total Carbon Tons 
Sequestered (Annually) 
0.99 Tons removed/year 
 

Total Tree Canopy 
3.2 acres (27.4%) 
 
Total Air Pollution Removal 
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 
562 Lbs. removed/year 
 
Total Carbon Tons 
Sequestered (Annually) 
0.92 Tons removed/year 
 

Total Tree Canopy 
3.0 acres (25.7%) 
 
Total Air Pollution Removal 
610 Lbs. removed/year 
 
Total Carbon Tons 
Sequestered (Annually) 
1.0 Tons removed/year 
 

Total Tree Canopy 
3.2 acres (27.7%) 
 
Total Air Pollution Removal 
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 the CGU UEA, several “Lessons Learned” 
are presented below. 
 

1 – Compile an inventory of GIS-readable datasets for use in an Urban 
Ecosystem Analysis. 
 
The Claremont Colleges Campuses CAD drawing that was obtained was derived 
from many sources (CUC, college facilities, etc.).  This has undoubtedly had an 
impact on the accuracy, unity, etc. of the resultant GIS datasets. 
 
Existing CAD drawings were not georeferenced.  Though these drawing were 
georeferenced for this project, this is neither a straightforward nor precise process. 
 
Many hours were required in the field to survey and delineate surface areas (turf, 
ground cover, impervious surfaces, etc) in AutoCAD and transfer them into GIS 
for coefficient assignment for analysis in CITYgreen.   
 
Satellite imagery is available from the library, however, more recent imagery is 
available online with minimal investment. 
 
There is a general lack of metadata for existing GIS and satellite datasets. 

 
 

2 – Develop a detailed tree inventory. 
 
319 trees surveyed in 20 hours = 16 trees/hour. 
 
Trees were identified with taxonomic keys and confirmed at the Rancho Santa 
Ana Botanic Garden (RSABG) herbarium.  Specialists from RSABG helped with 
some specimen identifications. 
 
42 species of trees and 2 species of palms were identified (there is a mix of 
introduced and native trees) indicating a rather diverse campus ecosystem.  A 
more diverse ecosystem is less vulnerable to pests and other diseases. 
 
Many of these trees are valuable in less quantifiable terms – their attractiveness 
and the flowers and fruits they produce.  However, some trees, such as the 
Sycamore, are problematic.  Sycamores have a resin-like substance that drops and 
will bond with just about anything and is very difficult to remove. 
 
Paper maps and paper forms were utilized to perform the tree inventory.  A GPS 
device was not utilized.  Using paper maps appears to be the best method to 
produce accurate GIS data sets.  However, much time could be saved during, and 
after the survey is completed, if the Tree Inventory Data Sheet were in a digital 



format – that is, if the data were entered into a device (PDA or laptop) during the 
survey in the field. 
 
When performing a CITYgreen analysis, a detailed tree inventory, such as this, is 
not essential – it is useful but not essential. 

 
 

3 – Conduct an Urban Ecosystem Analysis of the existing urban ecosystem 
and perform “what-if” analyses of the expected benefits of augmenting this 
system. 
 
The use of the CITYgreen extension, along with Crystal Reports, is not a “bug-
free” endeavor. 
 
Many parameters must be selected before a CITYgreen analysis may commence.  
There are many default settings but, to customize the analysis, these parameters 
must be reset – there are many and they are very detailed.  In addition to these 
initial parameters, there are a number of parameters that must be set when each 
analysis is performed.  Again, there are many and they are detailed.  The analytic 
parameters that were utilized in this study could/should form the basis of future 
CITYgreen analyses at the Claremont Colleges – that is, there is no need to 
“reinvent the wheel”. 
 
Energy savings calculations are no longer available in the newer versions of 
CITYgreen – the calculations that were available were applicable to residential 
buildings only. 
 

 
 
Step 5 – Disseminate Information 
A website was developed to disseminate the output (e.g., GIS data sets) and findings 
(e.g., reports) of this project.  There are sections for Reports, Web Maps, GIS Data, and 
Resources.  This website is located at: http://cambria.cgu.edu/ccsi/ 
 
 
5.5 Future Steps 
 
Recommendations 
Future research should focus on conducting a comprehensive Urban Ecosystem Analysis 
of the Claremont Colleges Campuses utilizing the findings of this study.  Recent 



examples of this type of analysis, though on a larger scale, include New York City5 and 
Los Angeles6 as well as two reports from the University of Southern California7. 
 

This analysis would require up-to-date, comprehensive, detailed GIS data sets of 
the Claremont Colleges Campuses.  The development of these data sets would require the 
use of existing CAD drawings from all the schools as well as the Claremont University 
Consortium.  These data sets would useful for future UEA and would be of immense use 
to the related initiatives of the 2007 Claremont Colleges Sustainability Initiative, 
specifically the Harvey Mudd environmental sustainability project.  Beyond these, these 
data sets would be useful for many other campus needs and applications such as 
emergency planning. 
 

One problem encountered during this study was the inability to perform energy 
savings calculations with CITYgreen.  Longcore, Li, and Wilson, discuss this problem 
and state that the inability to calculate energy savings for structures larger than one or 
two stories poses a substantial impediment to the analysis of densely populated urban 
neighborhoods.  They further state that this is not a failing of CITYgreen, but represents 
the current state of research8. 
 

Foundational research on trees and their effect on energy use have been 
discussed9.  Further research regarding energy savings analysis due to tree orientation, 
distance to building, and canopy size 10; the ability for trees to shade windows and/or air 

                                                 
5 Peper, P. J., E. G. McPherson, et al. (2007). City of New York, New York Municipal Forest Resource 
Analysis. Davis, CA, USDA Forest Service, Pacific Southwest Research Station: 1-72. 
  
6 McPherson, E. G., J. R. Simpson, et al. (2007). Los Angeles One Million Tree Canopy Cover Assessment 
Final Report. Davis, CA, Center for Urban Forest Research, Pacific Southwest Research Station: 1-50. 
  
7 Longcore, T., K. Fitzpatrick, et al. (2001). Assessment of Los Angeles Department of Water and Power 
Cool Schools Tree Planting Program. Los Angeles, Sustainable Cities Program: University of Southern 
California: 1-14. 
 , Pincetl, S., J. Wolch, et al. (2003). Toward a Sustainable Los Angeles: A "Nature's Services" 
Approach. Los Angeles, Center for Sustainable Cities: University of Southern California: 1-54. 
  
8 Longcore, T., C. Li, et al. (2004). "Applicability of CITYgreen Urban Ecosystem Analysis Software to a 
Densely Built Urban Neighborhood." Urban Geography 25(2): 173–186. 
  
9 Heisler, G. M. (1986). "Energy Savings with Trees." Journal of Arboriculture 12(5): 113-125. 
 , McPherson, E. G. and R. A. Rowntree (1993). "Energy Conservation Potential of Urban Tree 
Planting." Journal of Arboriculture 19(6): 321-331. 
 , Simpson, J. R. and E. G. McPherson (1996). "Potential of Tree Shade for Reducing Residential 
Energy Use in California." Journal of Arboriculture 22(1): 10-18. 
 , Simpson, J. R. (1998). "Urban Forest Impacts on Regional Cooling and Heating Energy Use: 
Sacramento County Case Study." Journal of Arboriculture 24(4): 201-214. 
 , Scott, J. L. and D. R. Betters (2000). "Economic Analysis of Urban Tree Replacement 
Decisions." Journal of Arboriculture 26(2): 69-77. 
  
10 Simpson, J. R. (2002). "Improved Estimates of Tree-Shade Effects on Residential Energy Use." Energy 
and Buildings 34(10): 1067-1076. 
  



conditioners11; and the mitigation of the heat island effect12 have also been discussed.  
Consequently, a methodology to calculate energy savings for large buildings using GIS 
should be developed as part of any future sustainability initiatives. 

 
The United Nations University Institute of Advanced Studies has discussed the 

UEA approach 13 and has identified the tools14 needed to perform such analyses.  They 
state that the ecosystem approach is particularly important for urban areas in light of the 
growing importance of ecological issues and the recognition of the interconnectedness of 
social, economic, and environmental systems.  Furthermore, urban areas are increasingly 
the location of human activities and their associated ecological impacts can be met with 
ecosystem approaches to environmental management for policy and planning responses.  
With this is mind, hopefully, this study has provided insight into the benefits of 
increasing the urban tree canopy through the planting and preservation of appropriate tree 
species as it relates to environmental sustainability and has added to the knowledge base 
currently available in the field. 
 

                                                 
11 Dwyer, M. C. and R. W. Miller (1999). "Using GIS to Assess Urban Tree Canopy Benefits and 
Surrounding Greenspace Distributions." Journal of Arboriculture 25(2): 102-107. 
 , Carver, A. D., D. R. Unger, et al. (2004). "Modeling Energy Savings from Urban Shade Trees: 
An Assessment of the CITYgreen Energy Conservation Module." Environmental Management 34(5): 650-
655. 
  
12 Solecki, W. D., C. Rosenzweig, et al. (2005). "Mitigation of the Heat Island Effect in Urban New 
Jersey." Environmental Hazards 6: 39-49. 
  
13 Marcotullio, P. J. and G. Boyle (2003). Defining an Ecosystem Approach to Urban Management and 
Policy Development. Toyko, Japan, United Nations University Institute of Advanced Studies: 1-28. 
  
14 Piracha, A. L. and P. J. Marcotullio (2003). Urban Ecosystem Analysis: Identifying Tools and Methods. 
Toyko, Japan, United Nations University Institute of Advanced Studies: 1-22. 
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5.7 Appendix 1 – CGU UEA CITYgreen Reports 
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