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1. Introduction 

When people look at a tree they do not realize the importance of each part. The canopy of 

the tree is not only important to the tree but the environment around it. At the beginning of the 

semester the City of Austin (COA) Urban Forestry Program approached the team at Austin 

Canopy and Water Quality (ACWQ) seeking a research project on this relationship. As GIS 

analysts and environmental researchers ACWQ possessed the knowledge and skills needed to 

complete the task. GIS allowed the team to spatially analyze, create, edit, and store data for the 

project. The team used ArcGIS as the main GIS program when conducting its analysis.  Select by 

location, Iterator, editor, and model builder are some of the tools and techniques the team used 

during the project. The purpose of ACWQ’s research was to determine tree canopy and 

impervious cover percentages for EII Reaches that met certain parameters as listed by COA. The 

parameters were to have water quality sampling sites at or within 0.5 miles of the downstream 

intersect of the creek line and reach boundary and contained data for 3 parameters listed by 

COA: turbidity, total inorganic nitrogen, and temperature. ACWQ also calculated tree canopy 

and impervious cover percentages for a 300ft creek line buffer and the COA buffer, which has 

various widths. Of the selected EII reaches, 3 watersheds that wholly encompassed selected EII 

reaches were selected so the same analysis could be performed for exploratory purposes. The 

ultimate goal was to create a relationship between the canopy, impervious cover and water 

quality data of the sampling sites. Based on our work the Urban Forestry Program will gain 

insight on where to direct future planting/restoration efforts and the ability to apply for funding 

set aside specifically for water quality improvements. 
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2. Scope 

The study area of the project was 126 EII reaches as well as the 76 watersheds defined by 

the Urban Forestry program. To meet the criteria, ACWQ focused its analysis on 55 of the 126 

EII reaches. Of the 55 EII reaches, 3 watersheds that wholly encompassed selected EII reaches 

were selected so the same analysis could be performed for exploratory purposes. The 3 

watersheds consist of 9 EII reaches.  
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Map 1.3. Area of Analysis: 55 EII Reaches and 3 Watersheds 
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3. Literature Review 

3.1 IMPERVIOUS COVER 

According to the University of Delaware’s Education Manual, impervious cover is any 

surface that does not allow rainfall to be absorbed or infiltrated through it. Pavement, sidewalks, 

parking lots, and buildings are all examples of impervious cover. Soil and vegetation naturally 

absorb rainfall and help filter out pollutants before the runoff enters into the stream system. 

However, impervious cover disrupts this process and polluted runoff is able to flow into the 

stream system. As impervious cover in an area grows, the water quality worsens. Pollutants like 

pesticides, oil, litter, and fertilizers can all be found in impervious cover runoff. “The other 

impacts on water quality include chemical, physical, and biological degradation. Chemically, an 

increased presence of bacteria, nutrients, pathogens, and sediment in receiving waters can limit 

the viability of drinking water and recreational activities. Physically, decreases in stream bank 

stability, the amount of large woody debris, and channel roughness consequently lower the 

quality of habitat available for biologic species. Biologically, species diversity declines, 

biological interactions are altered and pollution-tolerant organisms become more prevalent” 

(Delaware Sea Grant College Program, 2005). 

3.2 WATER QUALITY 

Urbanization increases the land area that is covered with impervious surfaces such as 

streets, sidewalks, driveways, and building rooftops. As a result, rain falling on these surfaces 

flows quickly which increases the incidence and severity of flooding. Tree canopies intercept 

rainfall thereby reducing peak discharge into storm water sewers. This interception allows for 

groundwater recharge, filters toxins and impurities, reduces the cost of storm water disposal, and 
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averts flooding and sedimentation of waterways. Soil, amount of rain, and other factors also 

affect storm water runoff rates. The amount of tree canopy in urban environments, however, is a 

controllable element that significantly and measurably affects storm water runoff rates and 

volumes. 

Within the last fifteen years, many cities have become aware of the direct relationship 

between tree canopy and the ecosystem services they provide. Trees reduce the volume of storm 

water runoff by capturing rain on their leaves and branches; the water is then put back into the 

water cycle through evapotranspiration. Trees absorb water pollutants and other water filtrates 

into the soil for a gradual release into streams, rather than running off the land at fast speeds, and 

extending water availability into dry months when it’s most needed. 

Runoff pollution is a major contributor to the decrease of water quality and is often an 

overlooked environmental problem. A single large-sized tree can release 400 gallons of water 

into the atmosphere a day. One acre of trees produces enough oxygen for 18 people every day. 

One acre of tree absorbs enough carbon dioxide per year to match that emitted by driving a car 

26,000 miles. Planting a tree can keep water clean and drinkable. 

3.3 TREE CANOPY 

An article presented by the American Forest explains the benefits of tree cover on water 

quality. In the early 1970s the quality of the nation’s waterways was so bad that Congress passed 

the Clean Water Act in 1972, whose main goal was to remove pollution from the nation’s 

waterways, bring back the fish, and make safe swimming possible. As urban development 

increases a new challenge arises for storm water managers: how to reduce volume and improve 

the quality of the water that drains from impervious surfaces as it makes its way into surrounding 
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waterways. The traditional engineering goal was to transfer storm water out of reach of the 

general population as resourcefully as possible through a network of gutters, sewers, and 

drainage ditches. However, learning from experience shows that to move water slowly through 

cities is much more beneficial as it allows for infiltration on site, minimizing flooding and 

maintaining water quality (American Forests, 2000). This is encouraging a shift from built 

infrastructure to nonstructural methods, such as increasing tree canopy cover for slowing storm 

water runoff, as a best management practice (American Forests, 2000). American Forests’ 

studies have shown that one of the benefits of trees in the urban environment is that they serve as 

environmental quality indicators as it reduces storm water flow and improves water quality. 

Trees are also natural pollution filters (American Forests, 2000). Their canopies, trunks, roots, 

and associated soil and other natural elements of the landscape filter polluted particulate matter 

out of the flow toward the storm sewers (American Forests, 2000). So by reducing the flow of 

storm water not only are we providing trees with their necessary  nutrients like nitrogen, 

phosphorus, and potassium byproducts of urban living but it reduces the amount of pollution that 

is washed into a drainage area or into a stream. During heavy rains trees slow the flow of storm 

water which reduces the potential for flooding. During light rains, trees provide their greatest 

benefit by promoting soil permeability to facilitate groundwater recharge; reducing impervious 

surfaces and increasing tree cover promotes the movement of water into the water table 

(American Forests, 2000). A study in Garland, TX showed that if Garland’s existing tree canopy 

cover was removed the city would have to contend with 19 million additional cubic feet of storm 

water (American Forests, 2000). Trees serve as environmental quality indicators, lessen the 

damage caused by storm water, are natural pollution filters, and improve water quality. 
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4. Data 

The original datasets provided by The City of Austin’s (CoA), Urban Forestry Program 

(UFP) for our use in this project include: CoA creek polyline layer; Creek buffer polygon layer; 

Watershed EII reach polygon layer; Tree canopy 2006 polygon layer; Receiving water polygon 

layer; Digital elevation model (DEM) a raster layer; Water quality sample sites point layer. The 

vector datasets acquired came projected in the Lambert Conformal Conic projection and used the 

NAD 1983 State Plane Texas Central FIPS 4203ft. coordinate system. All the datasets came in 

the same projection and used the same coordinate system.  

Additional datasets were procured through various federal, and local agency websites via 

download, include:  Impervious cover raster layer; Land cover raster layer; National 

hydrography dataset; Hill shade raster layer; County polyline layer. These datasets were acquired 

from agency’s that include: The City of Austin; USGS; Texas Parks and Wildlife; Barton 

Springs Edwards Aquifer Conservation District (BSEACD). ArcMap’s “project on fly” 

functionality allowed for a seamless transition as datasets were added and projected in Lambert 

Conformal Conic projection and the NAD 1983 State Plane Texas Central FIPS 4203ft. 

coordinate system. 

ACWQ primary objective was to explore how water quality is related to the presence of 

tree canopy coverage with in the designated EII watershed reaches. Esri ArcMap will allow the 

team to calculate the percentage of tree canopy and impervious cover within the designated EII 

watershed reaches. The tree canopy and impervious cover data was extracted from within the 

creek line buffer. This information, along with the water quality data received from the water  
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uality sample sites located within the EII reaches, will allow for thorough analysis of possible 

trends that may exist between water quality and tree canopy. 

Table 1. Data 

Data Set Source 

Tree Canopy City of Austin (COA) 

Watershed City of Austin (COA) 

Creek lines City of Austin (COA) 

County Lines City of Austin (COA) 

City boundary City of Austin (COA) 

Receiving Waters City of Austin (COA) 

EII REACH Watersheds COA Urban Forestry Program 

Digital Elevation Model (DEM) COA Urban Forestry Program 

Hillshade raster layer Barton Springs Edwards Aquifer Conservation District (BSEACD) 

Water Quality Monitoring Stations Texas Commission on Environmental Quality (TCEQ) 

Impervious Cover raster layer United States Geological Survey (USGS) 

Land Cover raster layer United States Geological Survey (USGS) 

National Hydrography dataset United States Geological Survey (USGS) 

 

5. Methodology 

The first step in this analysis was examining the available datasets and interpreting what 

attributes and features were present. Since a stream network did not exist, and water quality 

sample sites were not located at the drainage point for every EII reach, ACWQ employed a 
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methodology for selecting only those EII reaches that contain water quality sample sites, within 

0.5 mile from the drainage point, fit the scope of the project.   

After creating the “Drainage_PTS” layer ACWQ performed a spatial query to identify the 

watersheds whose sample stations (layer “SampleSites”) were within a distance of 0.5 miles 

away from the “Drainage_PTS” of that watershed, as that was agreed upon by ACWQ and The 

City of Austin. The result was 30 watersheds. ACWQ exported this data and named the exported 

layer “Watershed3.” 

ACWQ clipped the “creek lines” layer (that was given to us by COA) by the 

“Watershed2” layer and named it “Creek2” to represent the current creek layer as it 

corresponded to our study area of 30 watersheds. ACWQ also clipped the “WPOBuffers” layer 

given to us by the city of Austin (that had varied buffers depending on stream reach width). 

ACWQ renamed the buffer layer “Buffer2.” 

Afterwards we realized that we needed to go back and verify that the “Select By 

Location” query ran as intended. So we went through and individually checked the 30 

watersheds, of the “Watershed3” layer, and found that we needed to delete 6 sample sites and 

corresponding watersheds (site: 1216 watershed: SouthForkCreek; site: 1087 watershed: 

BearCreek; site: 1097 watershed: RattanCreek; site: 1101 watershed: LittleBearCreek; site: 1474 

watershed: WestCountryClub-CountryClubWest; site: 2794 watershed: WestBouldin) as the 

query ran and selected the 0.5 mile distance to the nearest drainage point even if it was in another 

watershed. So we used our editor tool to delete the rows in the attribute table of the 

“Watershed3” layer. Our study area is now composed of 24 watersheds. We deleted the sample 

sites that were not needed as they were not within a 0.5 mile Euclidean distance of the drainage 
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point and renamed that layer “SampleSites2.” We also clipped the Bufferf2 layer to match our 

new 24 watershed study area and renamed the buffer layer “Buffer3.” 

The canopy per watershed was clipped so that we could later calculate the percentage per 

watershed of canopy cover later. To do this ACWQ performed the same two tasks repeatedly for 

the 24 watersheds as ACWQ did not want any model or script to slow down the performance of 

our school computers and utilize the time we had most efficiently.  

ACWQ went through and individually exported each watershed, simultaneously ACWQ 

was clipping canopy to each newly exported watershed. The new exported watersheds were 

named after the name given in the “WATERSHE_1” field in the attribute table, the newly 

clipped canopy layer per watershed was given the same name as the watershed plus “_C” for 

example Barton Creek when exported from the “Watershed3” layer was named “BartonCreek” 

and the canopy that was clipped to that watershed was named “BartonCreek_C” and so did each 

of the additional 23 watersheds after that. 

ACWQ created the 300ft centerline buffer. The “X” in the “Output Feature Class” is 

because ACWQ reinserted all of the info after the fact that ACWQ did it in the even that it would 

not work. ACWQ named the new buffer “Buffer_300.” Then we ACWQ clipped “Creek2” by 

“Watershed3” to accurately represent the 30 watersheds we have narrowed our study area to (the 

24 watersheds), and now we have “Creek3” that accurately represents our creek lines layer that 

corresponds to our “Watershed3” layer. 

The team clipped each canopy per watershed to the 300ft centerline buffer so ACWQ 

performed clips for all 24 watersheds (as shown in Table 2 below). And ACWQ named these 

layers the same as the canopy layer plus “300” example “LakeCreek_C300” 
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The team then clipped each canopy per watershed to the buffer layer that was given to us 

by the City of Austin. So ACWQ performed clips for all 24 watershed. ACWQ named these 

layers the same as the watershed layer plus Au to signify Austin’s layer. example 

“LakeCreek_CAu” To keep all of the individual watersheds organized ACWQ grouped them and 

called the group: “Watersheds_Indvdl” 

The sample site numbers were then manually entered into the filter tool located on the 

water quality data set on data.austintexas.gov. The data from these 55 sites were then exported 

into a Microsoft Excel csv format. The first step was to sort the spreadsheet by site number.  Two 

columns were then added to the worksheet.  In one of the columns the following equation was 

entered =mid (first data entry with sampling date,7,4). The purpose of this was to take the take 

the year out of the sampling date. Once this was done the formula was dragged to the bottom of 

the sheet so that every entry in the column had the year from the corresponding sampling date. 

This column was then copied and the value was pasted into the second blank column that was 

created. After doing this, the entire worksheet was sorted by this column.  This sorted the 

sampling site data into ascending site number and ascending sampling date order.  This allowed 

for the deletion of data that was not from 2011. Next, the team manually went through and 

deleted water quality data that was not a measure of Nitrogen, Turbidity, and Water 

Temperature. The spreadsheet was then formatted to only include the following columns, 

watershed, siteno (site number), site type, medium, temperature, nitrate, turbidity, location. Most 

sampling sites had multiple measurement records so these numbers were then manually averaged 

to create one number for each water quality measure for each sampling sample site. This data 

was then joined to sampling site layer based upon the sampling site number field in the layer and 

spreadsheet. 
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Table 2. Sample Site and Water Quality Data 

 

A digital elevation model (DEM) was used to determine creek flow direction. A digital 

elevation model is simply a two-dimensional array of elevation points with a constant x and y 

spacing, its simple data structure make them a good source for digital terrain modeling and 

watershed characterization. A flow chart model or (algorithm) developed utilized three tools; 

interpolate shape, add Z information, and polyline to raster. A z-value was added to the 

interpolated shape output and the polyline was then converted to raster, refer to Figure 1. A z-

value typically represents elevations or heights and can be used to display features in three 

dimensions.  
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Figure 1. Stream flow Direction Model 

ACWQ created a 300ft centerline buffer encompassing the creek line layer provide by the 

Urban Forestry Program. This will allow for consistency throughout all of the selected EII 

reaches. Regarding water quality used three parameters total inorganic N, turbidity, and water 

temperature. We selected the EII reaches that have a sampling site at or 0.5 miles away from the 

drainage of the reach and contain all three water quality parameters; Of the 126 EII reaches 

present in the study area, 55 EII reaches were selected that contain water quality sample sites, 

within 0.5 mile from the drainage point, 9 of the EII reaches chosen encompass 3 individual 

watersheds. 

The LiDAR based 2006 tree canopy layer was clipped by watershed reach EII 

designation and the watershed EII reach data was spatial joined. The Urban Forestry Program 

provided a WPO creek line buffer that ranged from 100ft to 300ft buffer segments, decreasing 

the farther from the main creek channel. ACWQ noticed that the creek buffer provided, excluded 
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many creek segments present in the original creek layer dataset provide by the UFP. A new 300ft 

centerline buffer was developed encompassing the creek line layer provided by the Urban 

Forestry Program. This will allow for consistency throughout all of the selected EII reaches.  

Applying the iterate feature class function to the clip model and utilizing the watershed 

EII reach dataset as the input feature. The tree canopy polygon layer was clipped to each 

delineated watershed EII reach. Next, both the newly created 300ft creek line buffer and the 

WPO creek line buffer were clipped to the tree canopy polygon layer extracting the tree canopy 

features present within each watershed EII reach, refer to Figure 2. In order to calculate the 

geometry of the tree canopy present within each watershed EII reach and both creek line buffers, 

a new “double-type” field was added to the attribute table of each output feature class, and the 

field calculator was used to populate the new field column with the geometry of the tree canopy 

in square feet based on area of the polygons present within the EII Reach, creek line 300ft. and 

the WPO creek line buffer provided by the UFP. The total area of each watershed EII reach was 

also calculated in square feet. The length of the creek line located within each watershed EII 

reach was calculated in miles. The accumulation of this data is essential in the analysis of the tree 

canopy and a possible correlation to water quality. 
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Figure 2. Feature Class Clip Model 

Next the impervious cover raster file was examined. ACWQ reclassified the impervious 

cover raster file, by reclassifying the values in the input raster based impervious cover grouping 

entries. The non-imperious cover was labeled “0” and the impervious cover labeled “1”. The 

impervious cover raster file was then converted into a vector file, which consisted of non-

impervious and impervious cover features. The non-impervious features were then deleted by 

going into the attribute table and using the select by attribute function, selecting only the non-

imperious “grid code 0”. The non-imperious cover features selected were deleted. The resulting 

feature class consisted of only of impervious cover. 

After this step was complete, applying the iterate feature class function to the clip model 

and utilizing the watershed EII reach dataset as the input feature. The impervious cover polygon 

layer was clipped to each delineated watershed EII reach. Next, both the newly created 300ft 

creek line buffer and the WPO creek line buffer were clipped to the impervious cover features 

within each watershed EII reach. The same method as earlier was used to calculate the geometry 
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of the area of impervious cover. A new double-type field was added to the attribute table and 

populated with the area of impervious cover calculated in square feet using the field calculator 

tool.  

The figures extracted from calculating the tree canopy and impervious cover located 

within both creek line buffers and the each individual watershed EII reach was exported into a 

Microsoft Excel spreadsheet to analyze any trends that might be present. Microsoft Excel 

provides an excellent platform for calculating the percentages of tree canopy present in the EII 

reaches and creek line buffers. The Excel spreadsheet consists of rows and columns. The rows 

were populated with EII reach names and the columns were populated with field names such as: 

EII Reach area square feet, tree canopy square feet, tree canopy percent, tree canopy 300ft 

buffer, tree canopy 300ft buffer percent, tree canopy WPO buffer, tree canopy WPO buffer 

percent. Impervious cover field names matched those of the tree canopy list above, and the fields 

were populated with the appropriate data.  Simple formulas were created in Excel spreadsheet to 

calculate the sum and percentages (i.e. =A1/B1*100), refer to Table 3. 
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Table 3. Tree Canopy and Impervious Cover Percentages; EII Reach Attribute Table 

 

The Excel spreadsheet containing the water quality data, nitrogen, turbidity, and water 

temperature obtained from data.austintexas.gov was merged with the tree canopy and impervious 

cover excel spreadsheet. A wealth of information was now contained in one organized structure. 

The Excel spreadsheet was then joined with the EII reach polygon layer, using ArcMap’s “Join” 

tool. This allowed for the information contained in the Excel spreadsheet to join with the 

attribute of the EII reach polygon layer. Subsequent maps were developed utilizing this new 

information. Manipulating the symbology of the attributes as they relate to tree canopy and 

impervious cover percentages within the EII reaches, 300ft, and WPO buffer, ACWQ was able 

to transform maps depicting areas that contain high or low tree canopy and impervious cover. 

The water quality data was analyzed in conjunction with the tree canopy and impervious cover 

data and no obvious trend was noticed. 
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6. Results 

After analysis ACWQ was unable to create a direct relationship between water quality 

and the presence of tree canopy/impervious cover within the EII reaches. The obvious conclusion 

indicates that the farther away from the City of Austin the EII reaches are located, the presence 

of tree canopy increases and the impervious cover decreases, however the water quality data 

obtained from the associated water quality sample site locations do not suggest a trend. The 

water quality data only fluctuated in meniscal amounts from water quality sample site. Map 2.1 

(below) represents the EII reaches that contain the greatest percent of tree canopy.  
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Map 2.1. Percent of Tree Canopy; EII Reaches 
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Map 2.2. Percent of Tree Canopy in 300ft Creek Buffer; EII Reaches 
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Map 3.1. Percent of Impervious Cover; EII Reaches 
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Map 3.5. Percent of Impervious Cover in 300ft Creek Buffer; EII reach 
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Map 2.10 Tree canopy and Impervious Cover within Boggy Creek Watershed; BOG EII Reaches 
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Map 2.11. Tree canopy and Impervious Cover within BOG 3 EII Reach; Boggy Creek 
Watershed 
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Map 3.2 Impervious Cover within BOG 3 EII Reach; Boggy Creek Watershed 
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7. Discussion 

The team was able to successfully calculate percentages for canopy and impervious cover 

for the 55 EII reaches and 3 watersheds as well as the City of Austin buffer and the 300ft buffer 

and analyze the associated water quality data. When looking at the results the team was unable to 

create a direct relationship between the percentages and water quality. The water quality data 

from each site was too similar to see a change in quality as the percentages of impervious cover 

and canopy changed.  

The team believes that the results of the project were severely limited by the data that was 

provided. The first problem was the inability to create a stream network. This was caused by the 

poor quality of the creek line layer that broke the line segments into thousands of features.  

Under a time constraint the team was unable to create a network from this layer, which would 

have allowed for the creation of a model that could cumulatively calculate the upstream 

percentage of canopy and impervious cover that contributed to a sample site. When looking at 

the water quality data it is important to note that there is not a record for the environmental 

conditions at the time the sample was taken. This is extremely important because after a rain 

event, as pollutants run off impervious cover or are filtered by canopy into the water bodies the 

water quality results may change which would have allowed the team to create a relationship.  

We feel that utilizing a GIS system was the best method of analysis for this project. It allowed 

the team to spatially analyze, create, edit and store the data associated with this project. We 

highly encourage the education of those with limited to no GIS experience in that it will allow 

for better scientific research and data collection. 
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Our recommendations for the next stage of the project would be to first create a stream 

network. This would allow the analysis of the upstream tributaries and the effect on water quality 

as it moves through the network.  Another recommendation would be to conduct more water 

quality sampling. Taking samples before and after a rain event would show, if any, the 

discrepancies that exist in the water quality data. Conducting water quality tests in the remaining 

reaches not covered in our analysis would allow for the creation of more data that could be 

compared to our results. 

8. Conclusion 

Overall the team feels the goals of the project were met. The use of GIS in our analytical 

process was essential in that it allowed us to successfully calculate percentages for canopy and 

impervious cover as well as create data for the Urban Forestry Program. It is our belief that with 

more data, future research will be able to create a relationship between tree canopy and 

impervious cover and the water quality of the reaches. 
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Appendix 2: Contribution of Each Team Member 

All team members took part in the creation of the project, in editing and made the team 

effort to assure a final cohesive project; however, all members were solely in charge of specific 

tasks.  

Ashley Zavala: Project Manager, GIS Analyst and Web Master, handled all of the 

business aspects of the project: communication, and coordination.  She created all of the design 

for the Reports, the ACWQ logo, with Eli, composed the Poster, and created the website which 

contains all of the contents of the project. She created the “Drainage_Pts” She also created the 

Metadata that was included in the Final Report. For the Final Report she composed the Literature 

Review on Canopy Coverage, Limitations of the Project, References, Participation, Appendices 

8.1 and 8.2 and compiled appendix 8.3. 

Eli Pruitt: GIS Analyst, Editor, and Interactive Map Creator. He created the Interactive Map 

utilizing Manifold System 8.0, and acted as our liaison for the GIS technical support team of the 

Urban Forestry Board. He reported limitations, received data and clarified confusion for our 

clients and our team. He cleaned up the Water Quality data so that it contained only those sample 

sites that were at or within a 0.5 mile Euclidean distance of the downstream intersection of the 

creek line and reach boundary and contained the three water quality parameters of interest: 

nitrogen, turbidity, and temperature. And, together with Ashley, Eli composed the Poster. For the 

Final Report he composed the introduction: summary, purpose, and scope; the literature review 

of Impervious Cover, Implications, and with Lowell created the Results section. 
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Lowell Hughes: GIS Analyst and Editor, was the person in point of developing the 

technical aspect of project. He performed all of the tedious tasks of cleaning up a majority of the 

data used, and developed the models that were necessary for saving time and making our work 

visually interpretable in flow charts. He clipped most of the data to the necessary layers for final 

analysis, and organized the Microsoft Excel tables that were used to join to the attribute tables 

for use by the Urban Forestry Board. For our final report he wrote the Water Quality literature 

review, data, methodology, final deliverables, and with Eli, wrote the Results section. 

All members located the data needed and created methodology for the work they 

performed and resulted in the final project, which can be found in the Methodology section of 

the Final Report. All members took part in the final map making and team effort was the totality 

of how our project found a successful end. 
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Apendix 3: Maps 

Map 1.1. Study Area: EII Reaches (76 Reaches)
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Map 1.2.: Study Area: Watersheds (126 Watersheds)
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Map 1.3. Area of Analysis: 55 EII Reaches and 3 Watersheds
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Map2.1. Percent of Tree Canopy; EII Reaches
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Map 2.2. Percent of Tree Canopy in 300 ft Creek Buffer; EII Reaches
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Map 2.3. Tree Canopy in Boggy Creek and 300 ft Creek Buffer
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Map 2.4. Tree Canopy in Lake Creek and 300 ft Creek Buffer 
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Map 2.5. Tree Canopy in Tannehill Branch and 300ft Creek Buffer
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Map 2.6. Percent of Tree Canopy in WPO Creek Buffer; EII Reaches 
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Map 2.7. Tree Canopy in Boggy Creek and WPO Creek Buffer 
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Map 2.8. Tree Canopy in Lake Creek and WPO Creek Buffer 
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Map 2.9. Tree Canopy in Tannehill Branch and WPO Buffer 
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Map 2.10. Tree Canopy and Impervious Cover within Boggy Creek Watershed EII 
Reaches
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Map 2.11. Tree Canopy and Impervious Cover within BOG 3 EII Reach; Boggy Creek 
Watershed 

 



47 
 

Map 3.1. Percent of Impervious Cover; EII Reaches 
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Map 3.2. Impervious Cover within BOG 3 EII Reach; Boggy Creek Watershed 
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Map 3.3. Impervious Cover in Boggy Creek Watershed 
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Map 3.4. Impervious Cover in Lake Creek Watershed 
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Map 3.5. Impervious Cover in Tannehill Branch Watershed 
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Map 3.5. Percent of Impervious Cover in 300 ft. Creek Buffer; EII Reach
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Map 3.6. Boggy Creek, Impervious Cover in 300 ft. Buffer 
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Map 3.7. Lake Creek, Impervious Cover in 300 ft. Buffer 
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Map 3.8. Tannehill Branch, Impervious Cover in 300 ft. Buffer 
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Map 3.9. Percent of Impervious Cover in WPO Buffer; EII Reach
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Map 3.10. Boggy Creek, Impervious Cover Within WPO Buffer 
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Map 3.11. Lake Creek, Impervious Cover Within WPO Buffer 
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Map 3.12. Tannehill Branch, Impervious Cover Within WPO Buffer 
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