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Theoretical Foundation 

Studies have shown that urban trees provide a range of benefits to communities, 

including moderating storm-water runoff (McPherson et al 2005), reducing heating and cooling 

costs (Akbari et al, 1997), increasing property values (Anderson and Cordell, 1988), sequestering 

carbon (Kiran and Kinnary, 2011), and even reducing crime rates (Donovan and Prestemon 

2012). Geographic Information System (GIS) is frequently applied to geographically oriented 

computer technology, integrated systems used in substantive applications and, more recently, a 

new discipline which is generating massive interest worldwide (Maguire, 1991). The foundation 

for this project is to couple the benefits of new tree planting in the urban environment with the 

practicality of spatial analysis performed by a GIS. The city of Tacoma Washington currently 

has a goal to reach 30% canopy coverage by the year 2030. A formidable task considering the 

canopy coverage as of a 2011 study was less than half way at a 12.9% (Moskal et al, 2011). The 

purpose of this project is to prioritize new tree planting sites considering specified criteria by the 

urban forester advising the project. The criteria on which the analysis will be based are existing 

tree canopy coverage, parcel information including residential as well as commercial and finally 

demographic data at the block scale. Including these factors is believed to have the greatest 

community benefit considering the city’s goal and the advantages of tree planting.  

The GIS analysis included these criteria for some reasons which are apparent and others 

which may not be so evident. Existing tree canopy coverage was a necessary criterion because in 

order to find areas with low canopy coverage, it was essential for there to be a prior base level 

analysis completed in order to have a starting point for this study. The other criteria while not so 

apparent are just as important for the theoretical foundation of the project. In order for the city to 

gain the most from new tree planting it was necessary to consult prior research to find which 



3 
 

locations around the city would benefit most from additional vegetation.  A study by Kuo and 

Sullivan (2001) is a unique study that investigated how vegetation impacted crime rates. The 

researchers studied the effect of vegetation on crime in 98 apartment buildings in Chicago’s Ida 

B. Wells public housing development. They found that, after controlling for number of 

apartments per building and building height, vegetation was associated with lower violent crime 

and lower property crime. The effect of lower crime rate as a result of tree planting is the impact 

the City of Tacoma would like to see. The central, south, and east Tacoma neighborhoods have 

considerably higher documented crime rates than the north, west, and northeast Tacoma 

neighborhoods as is shown in a recent map from the Pierce County Crime Data website (See 

Figure 1 below). 

 

Figure 1-Source: piercecountycrimedata.org 
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These instances of high crime in the City of Tacoma also coincide with areas of high residential 

parcels shown in the map below (Figure 2). The areas colored red and orange reflect high 

densities of residential parcels.  

 

Figure 2-Clusters of Residential Parcels in Tacoma 

This tree planting project used residential parcel information as a criterion for the 

analysis in order to prioritize planting area because if tree plantings have a positive correlation 

with lower crime rate and the highest density of residential parcels is where crime happens most 

in Tacoma, then it is important for these areas to be considered a priority region for new tree 

planting.  

The final condition which was included in this planting analysis was demographic 

information gathered from the United States Census Bureau. The specific type of demographic 

information was income data on the block group scale. Studies have indicated a significantly 

lower proportion of tree cover on the public right-of-way in neighborhoods containing a higher 
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proportion of African-Americans, low-income residents, and renters (Landry, 2009). Part of the 

planting goal for the city of Tacoma is to plant in lower income regions of the city to remediate 

this problem of natural resource inequity. Therefore, included in the data analysis were the 

concentrations of high and low income residents in order to find the areas of highest 

concentration of low income residents for priority tree planting sites. 

Planning Process 

The process of planning this project began with a brainstorming session to determine what 

direction I wanted my project to go. I made clear that my intention was to gain employment with 

a municipal department following graduation, if possible find a job which allowed me to be 

outdoors as much as possible. My professor, Matt Kelley, directed me to the urban forester with 

the City of Tacoma, Ramie Pearce, who suggested this be a good project considering my interest. 

I met with Ramie and we discussed the outcomes that she would like to see and from there I 

began outlining. I listed data that I thought I would need and thought of operations in ArcMap I 

thought I would need to run in order to complete my task. I discussed strategy with Ramie and 

my Professor and finally it was time to start gathering information. 

Methods and Implementation 

The methods involved in completing my project were carried out over approximately 15 weeks 

beginning with brainstorming project ideas all the way through to the production of the final map 

layout. Starting my project involved mainly data collection, as is true with most GIS analysis, the 

majority of the time spent is collected data which is valid and beneficial to the analysis. I 

received tree canopy coverage data, Tacoma watershed, and Tacoma city council neighborhood 

boundaries, from the urban forester and retrieved the majority of my data from previous GIS 
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work completed prior to working on my project. The figure below shows the data which I 

received from the urban forester at the beginning of my project. 

 

Figure 3-Starting Data 

 

The data attained from previous experience included Tacoma boundary maps, Tacoma 

waterways/shoreline, concentrations of Tacoma income, and a roads data layer. I ascertained 

some data from the internet pulling from reliable sources like the Washington State Geospatial 

Data Archive (WAGDA) and the Census Bureau. This data included residential and commercial 

parcel information. After compiling my data into a data directory, I needed to move all of the 
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necessary mapping data into a feature dataset to ensure that all the information was projected in 

the same coordinate system.  

 At this stage I was ready to add the data to a map and begin my data manipulation and 

analysis. I clipped my base map; roads layer, census block data, and parcel information to the 

Tacoma city boundary because the focus of my analysis was restricted to the city extent. I began 

my analysis by converting the tree polygons layer to a tree points layer using the create random 

points tool. This created millions of points across the city which I then could aggregate into 

groups. I used the hot spot analysis tool to find the groups of trees or essentially to find areas 

with high amounts of canopy coverage and also areas of low canopy coverage. I then used the 

reclassify tool to change the values from long decimal values to a simple 1-10 value for reasons I 

will specify later. Next I was ready to work with my income layer, this information was already 

in clustered regions like the tree canopy layer, so I simply needed to reclassify the values to a 

scale of 1-10 in order to compile with the rest of my data. The third major part of my analysis 

was to work with the residential parcel data in Tacoma. I essentially performed the same 

procedure as I did with the tree layer except instead of the random point’s tool I used the feature 

to point tool to convert the parcel polygons layer to points. After the conversion to points was 

complete I ran an aggregate points procedure and the output was a raster layer which I could join 

together with the income and canopy coverage layers using raster calculator. 

 Raster calculator is a complex data manipulation tool with the capability to perform 

elaborate operations. For my analysis the operations were completed using surprisingly 

simplistic command operations. After reclassifying my raster datasets into values ranging from 

1-10 I was able to simply add the values together using the raster calculator tool. After adding 

the datasets together, the output produced reflected the priority planting areas according to my 
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specified criteria. I was able to simply add these values together because I had assigned the data 

a certain value according to what was considered high priority for planting. For example, where 

there was low canopy coverage I assigned the area a value of 10, where there were clusters of 

residential parcels I assigned the area a value of 10, and where there were clusters of low income 

residents I assigned those areas a 10. Therefore, when the raster calculator added up all of the 

values from these data, the output number was higher where the three of these criteria intersected 

and lower where they did not coincide. 

Results 

The results of my study reinforced the previous data provided by the urban forester, showing that 

areas of highest need for planting in Tacoma were focused in the poorer regions of the city. My 

results specifically identified two major regions in need of new tree planting according to the 

criteria I specified. The two regions of highest priority for planting according to my data analysis 

are in the downtown/Hilltop area of Tacoma and the central/south Tacoma area. There are other 

regions of high priority but these two areas have the highest need according to the inputs of my 

analysis. My results are visualized below. 
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Figure 4-Final Output 

Critical Analysis 

 This project as a whole will accomplish the goals set forth in the beginning by the urban 

forester to find priority planting areas according to income, current canopy coverage, and parcel 

information. The final map output clearly shows areas which are highest priority and their 

respective locations is appropriate given the characteristics of the regions. There are few 

criticisms I have for this project mainly considering that the criteria on which to base my analysis 

were provided, so I needed to gather the necessary data and run the procedures. However, if 
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there were more time for additional data collection and analysis, there are most certainly other 

additional results I would be interested in finding.  

 If I had the opportunity I believe it would be valuable to find out which areas of Tacoma 

have the worst or lowest quality atmospheric air. In other words where would new tree plantings 

have the most benefit to carbon sequestration or natural air filtering? This would be an additional 

criterion to base my analysis on and it would further narrow the highest priority planting regions 

in the city. However, this air quality information is typically displayed in real time and very little 

information is already established portraying air quality trends throughout the city of Tacoma. 

 An analysis which I believe would be very beneficial to this study would be data 

gathering through handheld GPS. A person could go to the regions highlighted by my analysis 

and collect data to show which areas would be ideal for planting and which might not be suitable 

for new trees. This additional information would be useful when applying for funding for the 

project because it would be a very precise indicator of which areas are highest in need and most 

suitable for plantings. 

 Overall this project fulfilled the requirements set forth by the project advisor and I feel 

satisfied with the results. As prior research has shown, new tree plantings are inherently valuable 

to municipalities for various reasons. I feel fortunate to have been able to work alongside the 

urban forester on this project and considering the output of the study I feel as though I have 

benefited my community by locating areas of highest need for new planting across the city. 
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