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v. Recommended Course of Action

In this study, we tested and calibrated the GIS-based Huff Model market analysis tool to
predict market shares of 12 ski resorts within Washington State. The results of this
testing indicate a high degree of accuracy in the Huff Model’s ability to predict each
resort’s market share based on a number of intrinsic and extrinsic variables. Our market
share predictions came within 1 percentage point of reality for 10 of 12 resorts, and
within 5 percentage points of reality for 2 of 12 resorts. With these results, we
recommend the use of the Huff Model to our sponsors, Earth Economics, for further
predictions of other outdoor recreation activities’ market shares, when actual market
share data are unobtainable. Furthermore, our testing of two other market share
prediction methods, network service areas and Thiessen polygons, yielded less accurate
results than the Huff Model. However, our testing also indicates that the accuracy of the
Huff Model estimates depends on a high degree of accurate information about the
locations where each outdoor activity is performed. Without such information, the Huff
model predictions could be less accurate. Furthermore, the Huff Model inputs used in





this analysis require further geoprocessing to be used on other outdoor recreational
activities in Washington State. Finally, the Huff Model Python script must be modified

to prevent the exclusion of certain inputs.

1.0 Introduction

1.1 Washington State Request for Proposal

This project began with a Request for Proposal (hereafter RFP) from the Washington
State Recreation and Conservation Office (hereafter RCO), and Earth Economics’
successful bid in Spring of 2014 to conduct the analysis required by the RFP. The stated
purpose of this RFP is to “quantif[y] the economic contribution of outdoor recreation to
Washington State's economy” (RCO 2014, 3). The RFP includes 5 modules which
introduce various levels of analysis. For a complete listing of the modules, refer to
Appendix B. Module I is concerned with valuing the economic contribution of all
outdoor recreation in Washington State. Specifically, the analysis must “quantify the
total annual economic contribution (direct, indirect and induced, and resulting number
of jobs) of all expenditures related to outdoor recreation in Washington State” (RCO
2014, 3). While this sort of analysis has been done before, this current RFP additionally
requests that the granularity of the analysis be reduced to the level of the legislative
district, most preferably, or to the county level, less preferably. This is to allow for the
creation of county or legislative district recreation profiles which can be delivered to
office holders, giving them a better understanding of the role that outdoor recreation
plays in the economy of their jurisdiction. It is in this aspect that our work with Earth
Economics has been concentrated. Specifically, the GI1S-based Huff Model market
analysis tool, the use of which is our main focus in this study, can be used to help
disaggregate activity-based spending from the state level to that of the constituent
locations where the activities are performed. Subsequently, this spending can then be
allocated to the legislative districts and counties in which it took place, contributing to a

larger total economic contribution for each area.





1.2 Justification and Goals

1.2.1 Earth Economics-specific Goals and Justification

While the Huff Model is traditionally applied to the analysis of retail store placement in
relatively confined geographic areas, we elected to focus on its application in the ski
industry at the scale of Washington State. Our focus on the ski industry came
spontaneously midway through our larger focus on Module I of the RFP. Our sponsor,
Greg Schundler of Earth Economics, was experiencing difficulty receiving visitation
statistics for Washington ski resorts. We had previously been testing the Huff Model’s
ability to predict absolute visitation (as opposed to relative market share) of local public
parks. For more on this, please refer to Appendix F. We were asked if the Huff Model
could be used to estimate each ski resort’s share of the ski market, to help disaggregate
state-level ski spending data. The Huff Model had, up until now, delivered disappointing
results for the purposes to which we had been putting it. However, we elected to pursue
its application in the ski industry nonetheless. When, shortly after our initial testing,
Greg informed us that he had succeeded in obtaining resort-specific visitation data for

the last 10 years, we saw a unique opportunity to test and calibrate the Huff Model.

By comparing our Huff Model results to the actual market shares, we could see how
accurate the tool is. Furthermore, we could calibrate the inputs required to make
accurate estimates. This will be explained in greater depth in section 2.0 Design and
Methods. With the knowledge of not only the sensitivity of the model inputs, but the
kinds of inputs required to get the most accurate market share estimates, the Huff
Model could assist in disaggregating further location-based recreational activity
spending or participation totals. Examples of this include allocating state-level fishing
permit data to individual fishing locations, or shell-fishing permits to beaches where
recreational harvesting takes place. In these two cases, with the numbers of permits
allocated to individual locations statewide, Earth Economics can multiply the number of
permits issued by the average spending associated with each activity, and then sum
these numbers to the legislative district or county level. Furthermore, if Earth

Economics takes on a similar RFP in another region of the country, and experiences





difficulty in receiving ski resort-specific visitor or spending data, the Huff Model could

be similarly used given a knowledge of how to most successfully set it up.

To further validate our recommendation of the Huff Model for market share prediction,
we also tested two other prediction methods. These were Thiessen polygons and 125-

mile street network service areas, both of which create a service area around a resort.

To state again our goals in the form of a question, we asked:
e What variables (characteristics of a ski resort) are required to accurately estimate
aresort’s market share?
e How sensitive is the Huff Model to changes in variables?
e How accurate are the Huff Model’s estimates?
e How does the Huff Model compare to other market share prediction methods?
e Could the Huff Model be used to predict location “market shares” in other

recreational activities?

If our testing and calibration indicated that the answer to the final question is “Yes”, our
goal would be to create the following:

e Best practices documentation, including a step-by-step Huff Model set-up and
run guide in the form of a “Standard Operating Procedures” document. See
Appendix C.

e A Geodatabase containing general Huff Model GIS inputs.

e Python scripts which streamline the analysis process, allowing for quick and easy
review of results. See Appendix D.

1.2.2 Additional Goals

As a corollary to our calibration of the Huff Model for present ski resort market share
prediction, we decided to additionally focus on future trends of ski resorts in
Washington State. The idea was given to us by John Gifford, the president of the Pacific
Northwest Ski Areas Association (PNSAA) and Ski Washington, from whom the actual
ski resort visitation data were received. John had asked us, after we presented to him

some initial Huff Model results, if our market share estimates were for the present time





or some point in the future. Until that point, we had been using data specific to 2010-
2014. Although not a specific part of the RCO’s RFP, we decided nonetheless to use
future population and climate projections for Washington State to see how ski resort
market share might change by the year 2040. Therefore, we also asked:

e Can the Huff Model be used to predict future market share of ski resorts?

e How will market share change, according to our model, by the year 2040?

Addressing the question of future market share would allow us to answer questions
about the resilience of the ski industry in Washington State to social, economic, and
ecological trends outside of their control. This could create the foundations of a

methodology for the use of the Huff Model in sustainability management.

1.3 Washington State Recreation Social-Ecological System

1.3.1 General Recreation in Washington State

The purpose of a Social-Ecological Systems table (SES) is to assist in defining the state
space of a particular dimension and scale. Defining the scales above and below the
project focal scale helps to understand the state of being for each individual cell. In this
instance, the three dimensions are biophysical, economic, and social. Understanding the
dynamics of each space individually combined with understanding of the relationships
between each cell allows one to develop analyses, applications, and management for a
state space. Often times the nature of a system is so complex, it is difficult to understand
the problem in its entirety without breaking it down, allowing one to focus on the
relationships within a specific dimension and scale. The goal is to be able to manage or
make decisions based on the system as a whole given that one understands the

complexity of each cell and its relation to the surrounding cells (Aguirre 2014).

Figure 1.1 contains the social, economic, and biophysical dimension for the focal scale
of outdoor recreation activities in Washington. The above scale, the United States,
demonstrates the complexity of outdoor recreation as a country. Inherently, there are
direct, indirect, and induced benefits from outdoor recreation such as boosting of the
tourism industry, creating jobs, and increasing tax revenues; while playing a large role

in economic development and growth. Alongside the economic benefits, the biophysical





dimension provides opportunity and context for outdoor recreation (Conservation
Economics Study 2010, 4). The diversity of the US population greatly influences the
trends that draw people to different types of outdoor activities. These trends include
activity level and age, family structure, technology, urban setting, health, etc. (RCO
2014, 7).

Outdoor recreation stimulates WA economy, enhances property values, supports
communities, educational context, and reduces healthcare costs (Conservation
Economics Study 2010, 4). It also contributes to Washington's high quality of life,
drawing in business advantages and allowing for opportunities to be outdoors
(Conservation Economics Study 2010, 6). Through the fostering of Washington
environmental stewardship, outdoor recreation leads the public to have a better
understanding of the needs and management challenges that forests, beaches, and

urban open space require.

The below scale of King County is an example of the types of relationships and states
where many counties will find themselves similarly in. Each county has its own
individual needs, stipulations, facets, etc. that create a unique set of problems and
obstacles making up a complex account of that county. Many Washington counties

provide recreation in the form of waterbodies, receive economic value through property

taxes, and different levels of services for their parks.

Figure 1.1 General Social-Ecological System (next page)
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Washington State Outdoor Recreation Social - Ecological System
Social-Ecological System Table

Scale |
Dimension

Above Scale:
Western
Region or
USA?

Focal Scale:
Washington
State

Below Scale:
Park District
Ex. King-
Seattle Park
District (King
County)

Biophysical

Biophysical dimension provides
ecosystem services to US population.
Provisional services include timber,
wildlife fisheries, disease regulation,
climate regulation, storm and flood
damage attenuation, wild pollinators,
etc. (Lovanna and Griffiths 11 in RCO
2014, 40)

Recreationalists are more connected
to natural resources and tend to have
more care and concern for the
environment. This leads to the public
influencing better guidelines and
criteria for the management of open
spaces and the provision of outdoor
opportunities in WA (SCORP 2013,
9).

Public lands in WA total 17.5 million
acres; about half are used for
recreation (SCORP 2013, 26).

King County is a steward of 200
parks, 175 miles of regional trails, and
26,000 acres of open space that
experience heavy public use (OSP
2010, 7).

King County’s shoreline provides
recreational value in the form of
marine beaches, lakes, and rivers. It
supports industries such as shipping,
fishing, and tourism (King County
Comprehensive Plan 2013, 5-15).

King County’s aquatic systems
provide beneficial functions, including
wildlife habitat, food supplies, water
supply, commercial, domestic, and
industrial uses, also, transportation,
recreation, and aesthetics. (King
County Comprehensive Plan 2013,,
4-56 ).

Economic

Outdoor recreation
contributes $646 billion and
6.1 million jobs to the U.S.
economy annually (OIA 2012,
2).

Outdoor recreation
contributes $22.5 billion and
227,200 jobs to WA economy
(OlA 2012, 2).

Hikers viewed their time
outdoors worth $20 more per
hour than their actual wage
earnings (Frantz 2007, 6).

In 2009, King County
contributed $13 million to 40
implementation, completed, or
developing projects and $64
million to new recreation
facilities (OSP 2010, 63.)
Establish property tax of 6.25
cents per $1000 of assessed
value solely for the financing
of acquisition of open space,
agriculture, and timber
lands.69

Median household income:
$67,806 (OSP 2010, 13)
According to the King County
Comprehensive Plan, they
recognize the value of
recreation for its economic,
natural, and educational
contribution (King County
Comprehensive Plan 2013, 9-
19)

Social

Percentage of US population
ethnically Caucasian from 67% in
2005 to 47% in 2050. 29% of
Americans of Latino origin by 2050
(Fox 2014, 2). Outdoor recreation
rates highest among Caucasians
and lowest among Latinos and
African-Americans (Walker 2010, 5).

Youth survey showed 62% and 61%
of youths cited lack of transportation
and no natural areas in proximity as
in top 3 of reasons not to participate
in outdoor recreation (The Nature
Conservancy 2011 in RCO 2014,
32).

20% of Washingtonians over age 65
by 2030. 8 million residents by
2028 (Fox 2014, 1). Obesity rates
lower than national average at 27%
(United Health Foundation 2014, in
RCO 2014, 22).

Changing family structure impacts
ability to make outdoor trips, leading
to loss of recreation skills and a loss
of generational desire to be good
stewards of the land (Fox 2014, 8).

Percentages based off of Level of
service calculations.

34% unmet demand for the number
of parks and recreation facilities.
47% facilities support active
recreation

83% of facilities are fully functional
66% are satisfied with park facilities
and condition.

73% of residents within service area
can access recreation areas safely
via foot, bicycle, or public
transportation

64% satisfaction with park rec.
facilities conditions, quantity, and
distribution (SCORP 2013, 167).





1.3.2 Ski Industry in Washington State

Specifically for identifying the relationships within the ski industry of Washington State,
an additional SES table was created, see Figure 1.2. Here, the same dimensions of
biophysical, economic, and social and the above and focal scales remain the same while
the below scale is now defined as Individual Ski Resorts. The industry of ski resorts and
the surrounding supporting businesses provide a large social benefit as one of the
United States valued pastimes, and also as an economic contribution to the country.
Skiing provides $727 million in economic contributions to the state of Washington alone
(Herbert and Hou 2008, 4). This figure is comprised of direct, indirect, and induced

calculations.

In an industry that relies heavily on weather and snow patterns, defining the state
spaces of this system can be quite complex. According to the article “Additional Analysis
of the Potential Economic Costs to the State of Washington of a business As Usual
Approach to Climate Change Lost Snowpack water Storage and Bark Beetle Impacts,”
over the past century snowpack across the Pacific Northwest has declined due to rising
temperatures, this is especially true in lower elevation areas (Adams et al 2010).
Additional literature reiterates this in the fact that most climate change scenarios
predict annual warming as well as later start dates and earlier end dates for the ski
resorts (Meijer su Schlochtern et al 2014, 589). More precipitation will be falling as rain
rather than snow affecting the average snowpack of a resort. A snowpack standard of
measurement is the snow water equivalent (SWE). It is defined as the amount of water
that is in a given volume of snow would theoretically yield if it were melted.
Expectations for the April 1 SWE will decrease over the coming decades (Adams et al
2010, 2). For the state of Washington the SWE will decrease by 28%-30% by the 2020s,
38-46% by the 2040s and 56%-70% by the 2080s. Snowpack is considered an ecosystem
service, as it proves economic benefits in the form of natural water storage. The water is
then released throughout the spring and summer, replenishing the groundwater. The
amount of water released then has significant impacts on the amount available for
human consumption, as well as the surrounding landscape (Adams et al 2010, 2).
However, the changing snow patterns depend largely upon altitude; higher elevations
may receive higher than average snowfall due to a predicted increase in precipitation,
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while the lower altitudes will experience a decrease in snowpack due to warmer
temperatures (Meijer su Schlochtern et al 2014, 589).

Climate warming impacts the SWE reducing the quality of snow cover and duration.
Therefore, reducing the number of available ski days, and increasing the need for
machine made snow (Meijer su Schlochtern et al 2014, 583). The costs to produce this
type of snow reduce the economic value of an individual resort, as costs go up for
acquiring water, maintaining pipes, use of snow guns, water pumps, and system
engineering. Making snow to elongate the ski season in this manner has limits, snow can
only be made below 3 degrees Celsius (38 degrees Fahrenheit), limiting the ability to
make snow in November, April, and May (the tail ends of the season). Humidity also
plays a large factor in the ability to make snow. As the temperature and humidity drop,

the conditions for making snow go up per hour (Gifford, 2014).

Additionally, ski resort management practices, such as machine made snow and
grooming have the potential to negatively impact the vegetation and soil characteristics.
The process of managing a ski resort involves physical disturbances from removal of
original vegetation, compaction from machine grading, grooming which compacts the
snow, etc. Changing snow characteristics in turn, changes the soil and vegetation
characteristics. The process of creating snow involves the use of chemical compounds,
such as salt, which change the chemical makeup of the soil (Meijer su Schlochtern et al
2014, 586). Often, the water required for this process is taken from a lake, reservoirs, or
groundwater in very large amounts. These water sources have different chemical
attributes than normal snow. This may then lead to changes in soil pH, nitrogen
retention, carbon storage, and changed microbial activity. The soil erosivity and plant
processes rely heavily on the current conditions (Meijer su Schlochtern et al 2014, 586).
For example, if the chemical composition of the area changed, conditions could be
primed for an increase in invasive plant species, and loss of vegetated ground. Reduced
infiltration rates could also be a side effect of physical disturbance, combined with
compacted snow, water runoff will be enhanced due to the inability of the water to be

absorbed in the soil (Meijer su Schlochtern et al 2014, 588). Ski resort management
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practices combined with reduced snow pack has the potential to drastically change the

native landscape of the resort (Meijer su Schlochtern et al 2014, 583).

Figure 1.3, the Threshold Matrix reflects the characteristic states of specific
dimensions and scales from the SES table. These state spaces are those in which we
chose to focus on with testing and analysis. It strives to identify controlling variables’
threshold level, which when reached moves that state space from the characteristic state
to an alternative state. This alternative state is often, but not always, an undesirable

state.

Figure 1.2 SKi Industry Social-Ecological System (next page)
Figure 1.3 Ski Industry Thresholds Matrix (page after next)
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Social-Ecological Systems Table | Ski Resort Industry

Map

Biophysical

Economic

Social

Above Focal Scale
Ski Industry in United
States of America

Snowpack provides an
ecosystem service in the
form of storage for winter
precipitation that will affect
spring and summer stream
flow

(Adams et al 2010, 2)

Outdoor recreation
participants spend
$53,047,209,901 on snow
sports. Snow sport direct
provides $3.7 billion annually
and indirectly provides $9
billion annually to the

economy
(OIA 2012, 17)

There are 471 ski resorts operating
in the US compared to 735 in 1984.
Since 1979 the number of US skiers
has hovered around 50 to 60
million. Therefore there are less
choices for destinations for the
same number of visitors. This has
caused degradation to the
landscape.
( Ziegler 2012, 2)

Focal Scale
Ski Resorts in
Washington State

SWE (snowpack) will
decrease by 28%-30% by the
2020s, 38-46% by the 2040s
and 56%-70% by the 2080s.

(Adams et al 2010, 2)

$727 million economic
contribution to the state of
Washington. $282.8 million
from direct spending, $167.1
million from indirect
spending, and $277.1 million
from induced spending

(Herbert and Hou 2008, 4)

91.6% of skiers are from
Washington State

(NSAA 2013, 33)

Finer Scale
Individual Ski Resort

Individual ski resort
management practices have
the potential to significantly

impact the landscape. Ex.
erosion, noxious weeds,
slope stability, prolonged soil
frost, soil infiltration rates.
(Meijer su Schlochtern et al 2014,
589)

The average WA cost for a
ski trip is $120.00, multiplied
by an individual resorts
visitation rate contributes to
the annual economic value
of the resort.

(Herbert and Hou 2008, 4)

Average skier visits based on
survey of individual WA resorts:
Median Group — 3
Average num of days in trip - 1.3
Average miles traveled on way
to ski area - 82.6
Average annual visits per visitor
-10.1
(Herbert and Hou 2008, 8)






Thresholds Matrix | Ski Industry in Washington State

Ecological

Economic

Social

increase of temperatures
by 1 degree C or more

Reduced levels of

machine made snow

(Meijer and Rixen 2014, 587)

*--Less snowfall anomalies - -*
Vis-a-vis other resorts

(Meijer and Rixen 2014, 583)
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2.0 Design and Methods
2.1 Huff Model Overview

The Huff Model is a series of market analysis equations originally developed by Dr.
David Huff in the 1960’s (Huff and McCallum 2008, 1). With the invention of
commercial GIS applications such as ArcGIS, the Huff Model has been programmed
with the Python language into an ArcGIS script tool. This tool is available for free from
http://www.arcgis.com/home/item.html|?id=f4769668fc3f486a992955ce55cacal8 and

requires at least an ArcGIS for Desktop license. As a script tool, users must run the Huff

Model with ArcCatalog or ArcMap and can input data in the Huff Model dialogue box.
In our analysis, we used the Huff Model script located in the MarketAnalysisTools.tbx

toolbox (i.e. not MarketAnalysisTools10.tbx).

The Huff Model documentation describes the tool as “...a spatial interaction model that
calculates gravity-based probabilities of consumers at each origin location patronizing
each store in the store dataset. From these probabilities, sales potential can be
calculated for each origin location based on disposable income, population, or other
variables.” Essentially, the Huff Model has two main outputs: the probability that
consumers at a given point will visit a location, and the potential sales from those
consumers. It is from the potential sales that “market share” can be calculated. This will
be discussed in greater detail in section 2.3 Huff Model Calibration.

Since the model relies in large part on the spatial interaction of consumers at multiple
points and the locations of multiple stores, distance is a key factor in determining
probability and potential sales. The model measures distance in two ways: using
straight-line (or Euclidean) distance, or by distance along a street network. As we will
show in our results, which form of distance measure one chooses has a great effect on

the accuracy of the predictions.
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2.1.1 Huff Model Inputs and General Setup

Figure 2.1 Huff Model Script Dialogue

B e

r‘:;f Huff Model

Unknawn - area. NOTE: This tool
Mearest Neighbars Constraint {(optional) requires an Arclnfo license.
As a gravity model, the
~ - .
# Huff Model Options Huff Model depends heavily
Distance Friction Coeffident (optional) on the calculation of
2 distance. This tool can use
Generate Market Areas (optional) two conceptualizations of
NONE - distance - traditional
N ) Euclidean (straight-line)
[7| Generate Probability Surfaces (optional) distance as well as travel
# Origin Locations and Sales Potential time along a street
netwark. To account for
Origin Locations (optional) differences in the
attractiveness of a store
Sales Potential Field {optional) 2 relative to other stur.e_s. a
- measure of store utility
- such as sales volume, -
II l [Environments... ] ’ <« Hide Help ] [ Tool Help I

% Store Locations

% Store Name Field
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@ Qutput Folder

@& Dutput Feature Class Name

@ Study Area

X Distance Calculation
[7] Use Street-Network Travel Times {optional)

Street-Network Dataset (optional)

Search Radius Constraint (optional)

Huff Model -

The Huff Model is a spatial
interaction model that
calculates gravity-based
probabilities of consumers
at each origin location
patronizing each store in
the store dataset. From
these probabilities, sales
potential can be calculated
for each origin location
based on disposable
income, population, or
other variables. The
probability values at each
origin location can
optionally be used to
generate probability
surfaces and market areas
for each store in the study

m

m

Attractiveness Measure

To run the Huff Model, one must have at the absolute minimum the point locations of

the “stores” (i.e., ski resorts, beach access points, fishing grounds, etc.) that are under

analysis. In order for the Huff Model to run, there must be at least 2 point locations in

the feature class. These point locations must have two fields: a text field with the name

of each location (or a designation), and a numeric field with an “attractiveness” value.

This value is an equally important input after the choice of distance measure. The

attractiveness measure essentially acts as a weight. Higher attractiveness scores increase
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the probability of patronage and sales for a given location, while lower attractiveness
scores result in lower patronage and sales. The attractiveness measure can be a simple
input such as the size of a store (or recreational location), or can be a measure
comprised of multiple ranked variables that are more comprehensive in their

guantitative description of a location.

Consumer Locations

Optionally, the user can choose to include the origin locations of consumers. Typically,
these can be points or polygons and include census tracts, cities, counties, or some other
set of origins. As an additional option for the origin locations, a “sales potential” field
can be specified, from which the sales potential is calculated. This is done by multiplying
the output probabilities by the “sales potential” field. This field can be any attribute that
affects the potential sales (i.e. patronage) of the location. Typically, population or
median family income are good measures, but other origin-specific demographic
attributes can be used as well, or ranked combinations of attributes similar to the

attractiveness measure described above.

Network Dataset

If the user desires to use distance along a network instead of the default Euclidean
distance, a Network Analyst license must be active. Furthermore, a functioning network
dataset must be constructed that reaches the entirety of the analysis study area. This
network must have at least one cost attribute, such as distance or time. In the currently
model coding, we believe that a store location must be within 1000 meters of a road to
be included in the analysis.

Study Area
The study area is a polygon feature class that encompasses the entire area of interest.

Generally, this area should include all consumer origin locations and store locations.

Figure 2.2 Huff Model Inputs — General (next page)
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Parameter Name

Parameter Description

Store Locations

Point feature class containing the centroids of each park. Must contain at least 2
features

Store Name Field

The attribute field from the store (park) locations containing a unique name for each
park

Store Attractiveness Field

Attribute field containing the measure of attractiveness. Must be a numeric number

Output Folder

Folder where a file geodatabase containing the outputs will be created

Output Feature Class Name

Name of the output feature class that will be contained in the geodatabase

Study Area

Analysis area of interest. Utilized for calculation of lag distance when generating
probabilities using Kriging

Distance Calculations

Use Street - Network
Travel Times (Optional)

Determines conceptualization of distance. Travel time is more accurate when using
street networks

Street - Network Dataset
(Optional)

Street-Network dataset for calculating travel times. Must contain cost attribute.

Search Radius Constraint
(Optional)

Maximum distance between point and origin for probability consideration. 0%
outside radius. May set units. ex feet, miles, kilometers

Nearest Neighbors Constraint
(Optional)

Number of Nearest store locations that will be considered.

Huff Model Options

Distance Friction Coefficient
(Optional)

Determines strength of inverse relationship of distance and probability of visiting
store

Generate Market Areas
(Optional)

Determines market areas that will generated. (NONE, TRUE, ORIGINS)

Generate Probability Surfaces
(Optional)

Generates probability surfaces using Kriging

Origin Locations and Sales
Potential

Origin Locations (Optional)

Consumer locations to be used as origins. If not specified random points in study
area will be used.

Sales Potential Field
(Optional)

Measure of sales potential, or visitation. Ex. population or disposable income






2.2 Geodatabases

2.2.1 Data Collection and Sources

Data used in the Huff Model analysis of ski resorts were collected from a variety of
locations. All data were in vector or tabular format. Ski resort point locations were
exported from KML files downloaded from Google Earth. Attribute fields were manually
added and populated based on resort-specific data obtained at
http://www.liftopia.com/ski-resort-info/statemap/WA/Washington . Census tracts

were obtained from Washington State OFM, as were future population projections at the
county level. Median Family Income data at the tract level were obtained from the
Census Factfinder service. Streets (Census TIGER/Lines) were downloaded from the
USGS National Map Viewer. Historic and future climate projections were obtained from
the National Center for Atmospheric Research. See the Table 2.1 below for a complete
list of data inputs and sources. The derivation of feature classes and tables represented
in the geodatabase schema below will be described in section 2.3 Huff Model

Calibration.

Table 2.1 Data Inputs and Sources

Data Input Type Source URL
Census Tracts Polygon http://www.ofm.wa.gov/POP/geographic
/tiger.asp
Cities Point http://geography.wa.gov/geospatialportal
/dataDownload.shtml
Climate projections 2040 Point https://qgisclimatechange.ucar.edu/gis-
data
Counties Polygon http://www.ofm.wa.gov/POP/geographic
/tiger.asp
Median Family Income (Select Table http://factfinder2.census.gov/faces/nav/j
Economic Characteristics) sf/pages/index.xhtml

Google Earth,
Ski Resorts Point http://www.liftopia.com/ski-resort-
info/statemap/WA/Washington

Ski Resort Market Shares Table John Gifford, President PNSAA, derived.
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State Highways and Interstates

Line

http://www.wsdot.wa.gov/mapsdata/geo
datacatalog/

Street Network

Line,
Network
Dataset

http://viewer.nationalmap.gov/viewer/ ,
derived.

Washington State

Polygon

http://geography.wa.qgov/geospatialportal
/dataDownload.shtml

Washington State 2040 population

projections

Table

http://www.ofm.wa.gov/pop/gma/project
ionsl2/projectionsl2.asp

2.2.2 Geodatabase Schema

Figure 2.3 Geodatabase Schema
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Figure 2.4 Geodatabase
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2.3 Huff Model Calibration

2.3.1 Data Preparation

Ski Resorts

Ski resort points were downloaded from Google Earth as a KML file. Originally, there
were 15 points in the feature class. Upon receiving the ski resort visitation data from
John Giffords, we eliminated two resorts, Badger Mountain and Kahler Glen, because
these resorts were not included in the total visits. A third resort, the Stevens Pass
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extension, was combined with Stevens Pass proper. The multiple resorts at Snoqualmie

Pass were counted as a single resort.

The ski resort attributes were manually attributed using information from

www.liftopia.com. Due to the small number of resorts and less than 11 resort-specific

attributes that were common to all resorts, this was a fairly quick process. The final ski

resort attribute table can be seen below in Table 2.2. These attributes were ranked to

form the custom “attractiveness” measure for use in the Huff Model. This is described in

detail in section 2.3.2 Calculating the Attractiveness Measure.

Finally, a new string field called “NUMname” was added and calculated as “OBJECTID

+ 1”. As will be evident later, this unique ID field will allow for faster processing of the

Huff Model results.

Table 2.2 Ski Resort Feature Class Attributes

Name Num_ Lifts | Num_Trails | Acres | ElevDifPkB | AveSnowln
49 Degrees North Mountain 7 82 2325 1851 301
Resort

Crystal Mountain Resort 11 57 2600 3100 350
Hurricane Ridge Area 3 10 200 800 400
Leavenworth Ski Hill 2 4 15 300 150
Loup Loup Ski Bowl 3 10 550 1240 150
Mission Ridge Ski & Board 6 36 2100 2250 170
Resort

Mt Baker Ski Area 8 38 1000 1500 647
Mt Spokane Ski & 5 45 1250 2000 300
Snowboard Park

Ski Bluewood 3 24 355 1125 300
Stevens Pass 10 53 1151 1800 450
The Summit at Snoqualmie 24 112 1916 2280 400
White Pass 6 36 1000 2250 200
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Table 2.2 continued

Name NightSki Dining_Lod | MakeSnow | TerrainPrk | SeasonWeeks
49 Degrees North Mountain Resort 1 1 1 1 16
Crystal Mountain Resort 0 1 1 1 23
Hurricane Ridge Area 0 1 0 1 14
Leavenworth Ski Hill 1 0 0 1 12
Loup Loup Ski Bowl 0 0 0 0 12
Mission Ridge Ski & Board Resort 1 1 1 1 18
Mt Baker Ski Area 0 0 0 1 24
Mt Spokane Ski & Snowboard Park 1 1 1 1 16
Ski Bluewood 0 0 1 0 16
Stevens Pass 1 1 0 1 20
The Summit at Snoqualmie 1 1 1 1 20
White Pass 1 1 1 1 21

*1: Yes/Presence; O: No/Absence

Season Length is in weeks and was not added until later in the analysis. Season lengths
vary by year, so we used the reported season start and end months for 2013-2014 based
on each resort’s website calendar to estimate the average season length. We could not
however find the season length for 49 Degrees North, so this was estimated based on the
length of nearby Spokane Mountain’s average season. Furthermore, White Pass’s start
month could not be found and was similarly estimated. We were conservative in our

estimation of these two resorts, and tended toward shorter seasons.

Three further variables were introduced at various points in the analysis that were
derived by running the “Near” tool in ArcGIS. The variables are distance to a city,

distance to a major road (highway or interstate), and distance to an interstate only.

We also received tabular ski resort visitation data courtesy of John Gifford, president of
Ski Washington and the PNSAA. These data were delivered as absolute visitation

numbers. However, as a stipulation of their use, we agreed to only report these data as
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percentages of the total. Therefore, we had to manually calculate these “market shares”
for 3 sets of years: 2010-2011, 2012-2013, and a 3 year average for 2010 - 2013.

Census Tracts

The census tracts feature class from OFM has selected demographic attributes already,
including population in 2010. Because we were also interested in median family income,
the select economic characteristics table from the U.S. Census was linked to the census
tracts through the key field “GEOID2”. The median family income field (HCO1_VC85)
was then populated from the linked table and the join was severed.

Cities

Cities points were converted from Washington State city polygons. The initial city point
feature class includes the following cities: Bellevue, Bellingham, Everett, Federal Way,
Kennewick, Kent, Olympia, Pasco, Renton, Seattle, Spokane, Spokane Valley, Tacoma,
Vancouver, Yakima. The revised city point feature class includes only Bellingham,
Everett, Olympia, Seattle, Spokane, Tacoma, Vancouver, the largest cities in Washington

(with the exception of Bellevue).

Network Dataset

A network dataset was created to allow network routing in the Huff Model. A custom
data model was created containing the following fields: RoadClass (short), Name
(string), TrviTime (double; minutes), and ShapelLength (double; feet). All paved road
classes (local, secondary, primary) were selected from the Census TIGER/lines street
dataset for Washington State using a SQL statement, and were loaded into an empty
feature class (WA_Roads) with the aforementioned schema. Unpaved roads were
excluded. The new feature class was then input into the “feature to line” tool in ArcGIS.
After running for 7 hours, the resulting feature class (WA _Roads_2) was created. This
tool ensured that nodes were placed at all street segment intersections, or else network

routing would not function.

Next, the road classes were attributed, and from this speed limits were assigned. To

calculate travel time, the formula
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([Shape_Length] * 60) / ([SpeedLim] * 5280)
was used, calculating the time in minutes. The road classes and speed limits are in the

Table 2.3 below. Speed limit is in miles per hour.

Table 2.3 Street Network Hierarchy and Speed Limits

Type Road Class Speed Limit
Interstate 1 60
Highway 2 55

Local Road 3 35

Area of Interest

Huff Model documentation suggests that defining the study area is one of the most
important considerations for model use. This is due to the fact that the study area can be
thought of as an “island,” where the conclusions to be drawn may be impacted by this
parameter. The model thus assumes that business originates from inside the area of
interest boundary with very little crossover from outside this area. Therefore, it is best to
identify an area of interest that best fits the elements of the system being modeled (Huff
and McCallum 2008, 9). In this case, the State of Washington was set as the delimited
area of interest. This makes sense as we are attempting to estimate the market shares of
Washington only. Additionally, according to NSAA 91.6% of Washington skiers originate
from within Washington (NSAA 2013, 33). This we felt was sufficient evidence for

making the assumptions required to continue forward with the study of the Huff Model.

2.3.2 Calculating the Attractiveness Measure

As previously mentioned, the attractiveness measure is an important Huff Model input,
and is calculated within the ski resort feature class attribute table. In our running of the
Huff Model on ski resorts, we in fact used multiple simple and complex attractiveness
measures. A simple attractiveness measure is a single, unadulterated attribute field that
is correlated with more or less attractiveness. For example, “acres” is a simple
attractiveness measure. The more acres, the more attractive the resort is. However, if

one wants to include multiple variables in the attractiveness measure, these variables
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can be given standardized ranks and summed together to create a single total rank.
When calculated, the individual variable ranks will be between 0-100, regardless of the
original unit of the variable. For variables that are defined by the presence or absence of
something (the first four columns of Table 2.2 continued), we arbitrarily assigned
ranks between O and 100; O if absent, 100 if present. The method described below was
performed on the variables listed in Table 2.2. Furthermore, the ranks for 3 variables
based on a distance from each resort were calculated. For these 3 variables (distance to
major cities, distance to major roads, and distance to interstates), lower distances were
ranked higher. For all other variables, higher amounts (acres, # of lifts, inches of snow,

etc.) were ranked higher.

Within the Ski Resorts feature class attribute table:
Step 1: Add field (double) called VARIABLE__RankMag, replacing “VARIABLE” with the
name of the variable (e.g. “Acres_RankMag”), for each variable to be included in the

attractiveness measure.

Step 2: Record the Maximum and Minimum values of a variable and input them into the
following equation in the Field Calculator:
(Maximum — Minimum) / 100

Repeat for each variable.
Step 3: Add field (double) called VARIABLE__Rank for each variable.
Step 4a: For higher values to have higher ranks, input the following equation into the
Field Calculator:

100 — ((Maximum — VARIABLE) / VARIABLE_rankmag)
Step 4b: For lower values to have higher ranks, input the following equation into the
Field Calculator:

(Maximum — VARIABLE) / VARIABLE_rankmag

Repeat for each variable.
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Step 5: Add field (double) called “TotalRank”. In the Field Calculator, add all variables’
“_Rank” fields together.

At various points throughout our running of the Huff Model, different combinations of
ranks were calculated to form total ranks (attractiveness measures). These combinations
are described in greater detail in Tables 2.4 and 2.5 in section 2.3.5 Model Run
Variations. For a graphic depiction of the attractiveness measure calculation process,

see Figure 2.5.

Figure 2.5 Calculating the Attractiveness Measure and Running the Huff

Model (next page)
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Calculating the Huff Model Attractiveness Measure | General Application
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2.3.3 Calculating the Sales Potential Measure

The sales potential is an attribute of the origin location feature class. The Huff Model
documentation suggests using factors such as population, income, or other
social/economic data. We decided to test out two sales potentials of our origin location
(U.S. census tracts). The basic sales potential was population. The second sales potential
measure consisted of a ranked combination of median family income and total
population for the year 2010. These were ranked in the same fashion as the
attractiveness measure variables and summed together. For both median family income
and total population, higher value received higher ranks. We choose to combine median
family income and population because both are positively correlated with skiing. Areas
with higher populations, we assumed, can give more business to their nearest ski resort
than can areas with lower populations. Similarly, because skiing or snowboarding can be
very costly recreational activities, we assumed that areas with higher median family
incomes could also contribute more business to a ski resort than areas with lower

incomes.

The Huff Model calculates the output sales potential by multiplying the probability of a
census tract’s patronage to a given ski resort (which is calculated using distance and the
attractiveness measure) by the sales potential measure. When using a ranked and
summed sales potential measure, the output sales potential is essentially meaningless.
However, it is the relationships between each resort’s total sales potential that matters.
From this, we can calculate the individual market share of each resort resulting from a
given model run. To see which model runs used which sales potential measure, refer to
Table 2.4 in section 2.3.5 Model Run Variations. In this table, the sales potential
measures for our main Huff Model runs are called “Pop/income” and “Pop”. The
“Incorrect pop/income” was a sales potential measure that was used in our initial model
runs. We realized later that we had falsely calculated the population and income ranks,
so that lower values were receiving higher ranks. This was corrected, but we elected to

keep the model run results for comparison.
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2.3.4 Huff Assist Python Script Tool Development

This Huff Assist Script Tool was developed in order to aid in processing the output from
the HUFF model, so that results may be used to calculate market share of a particular
recreational activity. Before running the HUFF model, it is suggested that one add a
Text field called “NUMname”. Calculate this field with the following expression:
OBJECTID + 1. Use this field as the “Name” input in the Huff model if you will be using
the “HUFF Assist” script tool. This allows a key to be made to link the Huff output with
the point FC input

The HUFF model creates a field in the attribute table of the origin locations (census
tracts) for every recreational activity point, naming the field according to the unique
field value you specify as the “Name” input in the HUFF model. The tool then takes this
output and sums all the numeric fields and exports them to a table. It then transposes
the summary statistics table and outputs the table as “transposed.” The tool then
proceeds to select only the desired records ending in “_sales” (the output sales
potential), truncates the names by removing the suffix and prefixes that were added
from previous steps, essentially renaming the selected fields. The fields now resemble
the original “NUMname” and the Huff Assist tool joins this information to the original

recreation feature class input, in our case ski resorts.

Finally, due to the large size of field names, we recommend using only geodatabase

feature classes, not shapefiles.

Figure 2.6 Huff Assist Script Tool Diagram (next page)
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2.3.5 Model Run Variations

As part of our calibration of the Huff Model, we tested different combinations of inputs.
One reason for the variation of model runs is due to our own learning process: generally
after run 5, we realized that we had incorrectly calculated many of our ranks, especially
in the sales potential measure. These had to be recalculated and the model runs were
continued. This is why Runs 1-4 are not included in our results: not only had we been
using incorrectly calculated attractiveness measures (namely valuing higher values
lower), but the number of resorts and variables had differed. Pre-run 5, we had 15 ski
resorts, instead of 12. Furthermore, we discovered that a number of our variables were
incorrect. For example, we did not have the correct number of lifts for Crystal Mountain,
and thus had to update this variable and recalculate the ranks. Additionally, certain
inputs were incomplete until later model runs. For example, our network dataset was
not completed until model run 7. Until then, we had used Euclidean distance. The
season length was not discovered until run 12. Distance to interstates was added after
run 9, as we thought it would significantly increase the market shares for resorts such as
Snoqualmie, because these resorts are easier to access than isolated resorts on
treacherous highways. Starting with run 8, we recalculated “distance to major city”
using a new selection of the largest cities in Washington. Until then, the city point
feature class, from which the distance was being calculated, included smaller cities in
the east such as Yakima and Pasco, which increased the predicted market shares of
smaller resorts in eastern Washington well above the actual market share. Finally, after
run 11 a change was made to the network dataset. We discovered that SR 123 near White

Pass resort closes in winter. Thus, we deleted this road from our network dataset.

Two of our model run variations were designed to test the sensitivity of the distance
calculation. As a reminder, the Huff Model uses either Euclidean, or straight-line,
distance; or distance along a street network. Runs 9 and 11 used the same attractiveness
and sales potential measures, but run 9 used network distance while 11 used Euclidean
distance. The difference between the results can be seen in Table XXX in section 3.0

Results.
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Table 2.4 Huff Run Input Variations

Run #

6 7

8

9 10

11 12

2 (2040)

Euclidean
Distance

X

Network
Dataset

Attractiveness
Measure la*

Attractiveness
Measure 1b*

Attractiveness
Measure 2*

Attractiveness
Measure 3*

Attractiveness
Measure 4*

Attractiveness
Measure 5*

Incorrect
Pop/Income

Correct
Pop/Income

2040 Pop
/ Income

Pop only

Distance
Constraint
(100 mi)

Table 2.5 Attractiveness Measure Variable Inputs

Variable Attractiveness Attractiveness Attractiveness Attractiveness Attractiveness Attractiveness
Measure la Measure 1b Measure 2 Measure 3 Measure 4 Measure 5
# of Lifts X X X X X
# of Trails X X X X X
Acres X X X X X X
Elevation X X X X X
Difference
Average
Snowfall
X X X X X
(Inches)
Night Skiing X X X X X






Snowmaker X X X X X

Food/lodging X X X X X

Terrain Park X X X X X

Distance to X
Major City 1*

Distance to X X X X
Major City 2*

Distance to X X X X X
Major Road

Distance to

Interstate only

Season length X
weeks

Season length X
weeks 2040

2.4 Huff Model Future Projections

The goal of using the Huff Model to make future market share projections is to assess
the resilience of Washington’s ski resorts to changes in population and climate. It is also
to analyze the Huff Model’s suitability for making future predictions. The logic is this: if
one can accurately predict current market share, what stops one from predicting future
market share based on changes in the attractiveness and sales measures? To this end,
we chose the year 2040 for our analysis due its distance from the present time and the
accessibility of climate and population data for this year. We assumed that 25 years is
enough time for conditions to change, and thus an analysis of market share of ski resorts

at this year is acceptable.

2.4.1 Climate Scenarios
The National Center for Atmospheric Research produces future climate projections
based on different economic growth scenarios. In particular, GIS data for three

scenarios are available at https://qgisclimatechange.ucar.edu/ : A1B, B1, and A2. We

chose scenario A2 for our Huff Model testing because it exhibits the highest increase in

36



https://gisclimatechange.ucar.edu/�



annual average temperatures in Washington State. A description provided by NCAR is

available below.

“A2 scenario includes: high population growth, medium GDP growth, high energy
use, medium-high land use changes, low resource (mainly oil and gas) availability, slow
pace and direction of technological change favoring regional economic development.”

https://gisclimatechange.ucar.edu/

From the website listed above, one can download a grid of annual or monthly average
temperature points by drawing a bounding box on an interactive map. One also specifies
the range of years that are of interest. For our purposes, we downloaded a grid covering
Washington State that included monthly average temperatures for 2014 and 2040 under
the A2 scenario. The grid points are spaced about 5 km apart. A select by location tool
was run to select the closest temperature grid points to each resort, and these points
were extracted out and included in our Huff Model ski geodatabase. Each temperature
point came to within at least 2 km of a resort, so the temperature predictions can be
reasonably attributed to the resorts themselves.

From here, the temperatures were converted from Kelvin to Celsius using the formula C
= K - 273.15. Then, a new resorts feature class was created (SkiResorts2040) and the
average temperatures for November, December, February, March, and April for both
2014 and 2040 were attributed to each ski resort. These months were chosen because
they represent the range of start months (Nov/Dec) and end months (Feb/March/April)
for Washington ski resorts. May was excluded because of its intermittent nature. The
differences in temperatures for each 2014/2040 month pair were taken to see if average
monthly temperatures for each resort are expected to increase or decrease.

Generally, our approach used a mix of quantitative and qualitative methods, and is not
perfect by far. We first looked to see if predicted monthly average temperatures in the
season start and end months will be higher for each resort in 2040 than in 2014. We
have seen that for all resorts, end month average temperatures (March or April for all
but one resort) in 2040 are predicted to be colder than in 2014. However, for about 50%
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of the resorts, especially resorts which begin the season in November, start months are

expected to be significantly warmer (by a few degrees Celsius at most). For any resorts

expecting to see warmer start or end months, we then looked to see if the average

temperature is above or below O C, and more importantly, above or below 3 degrees

Celsius (or 38 Fahrenheit, the maximum temperature (given correct humidity) for

making snow). If the average temperatures in 2040 are above or very near 3 C, we then

subtracted the number of weeks the resort is open in that month from the total season
length. Resorts generally are not open for the full start or end month. In all, about half
of the resorts saw shorter seasons, by anywhere from 1-4 weeks. However, due to the

gualitative nature of our correlation between higher average monthly temperatures and

loss in length of season in weeks (due to reduced snow or inability to make snow), we

realize that this method is very limited. Furthermore, we assumed that all resorts would

be able to and would choose to make snow by 2040, and that the humidity was always

correct to allow snowmaking up to the maximum of 38 degrees Fahrenheit. In any

future analysis, these methods must be vastly improved upon. The 2014 and 2040

season lengths can be seen in Table 2.6 below.

Table 2.6 Temperature and Ski Season Changes in 2040

Name Season Start Month End Month Season 2014 | Season 2040
Near or >3 C? Near or >3 C?
49 Degrees North | Dec-Apl NO NO 16 16
Mountain Resort
Crystal Mountain | Nov-Apl YES NO 23 20
Resort
Hurricane Ridge Dec-Mch YES NO 14 12
Area
Leavenworth Ski Dec-Feb NO NO 12 12
Hill
Loup Loup Ski Dec-Mch NO NO 12 12
Bowl
Mission Ridge Ski [ Nov-Apl YES NO 18 16
& Board Resort
Mt Baker Ski Area | Nov-Apl YES NO 24 20

38





Mt Spokane Ski & | Dec-Mch NO NO 16 16
Snowboard Park
Ski Bluewood Dec-Apl NO NO 16 16
Stevens Pass Nov-Apl YES NO 20 18
The Summit at Dec-Apl YES NO 20 19
Snoqualmie
White Pass Nov-Apl YES NO 21 19

The 2040 season length projections were included in the new 2040 total rank
calculation (Attractiveness Measure 5). All other variables were held constant, because
we cannot predict changes each resort will make to their facilities, such as adding lifts
and trails, or providing snowmaking capabilities. Furthermore, we elected to hold
average snowfall in inches constant. We decided that we could not revise average
snowfall for the resorts because we do not know enough about the correlation between
temperatures and precipitation to accurately predict such changes. Furthermore,
because many of the resorts would indeed see colder deep winter temperatures, we were
unsure what effect colder temperatures would have on snowfall. This is a further
limitation that should be addressed in any further ski resort market share prediction

methodologies.

2.4.2 Population Projections

Population projections for Washington State at the census tract level currently do not
exist. However, the OFM does produce predictions at 5 year intervals at the county level.
In order to assign each census tract in the state a population for 2040, we took each
census tract’s proportion of the current (2010) county population, in which the tract is
located. We then used this ratio to divvy up the projected 2040 populations. The
projections we used were for the year 2040 under the highest growth scenario. From
here, the population rank was re-calculated and summed anew with the median family
income rank to form a 2040 “sales potential” field in the origin location points attribute
table. We elected to leave median family income the same because we do not know
enough to predict future changes in the distribution of income across the state. The
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results of the 2040 ski resort market share predictions are in Table 3.1 in section 3.0

Results.

2.5 Alternative Market Share Prediction Methods

As an experiment to verify that the Huff Model was indeed the more accurate and best
tool to predict the percent market share of each individual ski resort, network analysis
services areas and Thiessen polygon methods were employed. The results of these two
additional methods for calculating the market shares of Washington ski resorts will be
presented in section 3.0 Results. However, a brief description of each method will be

described in this section.

2.5.1 Network Analyst Service Areas

The calculation of service areas based off of a network requires the use of ArcGIS
Network Analyst extension. This method identifies the service area around any of the
points based on a road network system. This also requires that the road network is
complete and working properly. A network service area is that area which encompasses
all accessible streets within a specified distance (ESRI 2014). In this case the distance of
125 miles was set for this parameter. This value is based on a study suggesting that that
is the maximum number of miles a person would be willing to travel in a day, one way,
to visit a ski resort (Raleigh et al 2007, 3). This type of analysis helps to identify
accessibility; one is able to vary the distance parameter to show variances in accessibility
(ESRI 2014). In this case 125 miles one way was the only impedance chosen. The tracts
which had centroids contained within each service area polygon were then summed by
population, multiplied by 100 and divided by the total population of all the resort
service areas to achieve a percentage of the total market share. Total population of
Washington State is not used because the service areas do not cover the entirety of the
state. This method of analysis assumes that the population contained within each
service area have the potential to visit any ski resort that is within 125 miles traveling
along a road network. It does not take into consideration any other values that might
draw an avid skier to that destination. Furthermore, service areas generated this way do

not overlap each other.
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2.5.2 Thiessen Polygons

The creation of Thiessen Polygons is done by using a point feature class, where a
polygon is created that contains only one point input feature. Any location within that
polygon is closer to that one point than any of the other points in the input feature. This
tool then divides the area of Washington into many polygons. These represent the area
of service for each individual ski resort (ESRI 2014). The tracts with centroids contained
within each Thiessen polygon were then summed by population, multiplied by 100 and
divided by the total population of Washington State to achieve a percentage of the total
market share. This method does not take into account any time of variable that may
draw them to the ski resort other than simply living in a tract that is closer to that resort
than any other by Euclidean distance. This method makes estimations based on an
assumption that the majority of the population visits the ski area closest to them only.
Additionally, it does not take into consideration any type of network time to get to that
resort. For the market share predictions of both 125-mile service areas and Thiessen

polygons, refer to Table 3.1 in section 3.0 Results.

3.0 Results
3.1 Results Tables

The results of the present and future Huff Model runs, alternative market share
prediction runs, and actual ski resort market shares are depicted in Table 3.1 below.
The actual market shares for the past 3 years are highlighted in light gray. The Huff

Model run with the most accurate predictions, run 12, is highlighted in light green.
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Table 3.1 Actual and Predicted Market Share %

Resort 2010-2011 | 2012-2013 | 3 year avg Run 5 Run 6 Run 7 Run 8

49 Degrees North 4.1 4 4 3.7 29 4.1 4.4
Crystal Mountain 20.5 14.5 18.5 12.8 13.1 16 17.5
Hurricane Ridge 0.1 0.2 0.2 11.5 13.2 1 1
Leavenworth 14 3.2 1.9 7.2 5.8 7 3.6
Loup Loup 0.7 0.7 0.6 3.9 1 3.5 0.9
Mission Ridge 4.8 4.9 4.8 7.3 6.2 4.7 4.6
Mt. Baker 7.6 7.3 7.5 6.5 5.7 7.4 5.7
Mt. Spokane 4.3 5 4.3 7.1 7 7.8 8.2
Ski Bluewood 1.4 1.4 1.3 3.7 4.1 3.2 1.5
Stevens Pass 17.6 19.7 18.7 10.1 9.4 11.7 11.4
Summit at

Snoqualmie 30.2 32.6 315 16 15.7 21.9 28.7
White Pass 7.3 6.5 6.8 10 15.9 11.8 12.3

Table 3.1 Continued

Thiessen 125 mile 2040

Resort Run 9 Run 10 Run 11 Run 12 Polygons |Service Area Run 2
49 Degrees North 3.4 5.2 3.5 3.55 0.9 0.6 3.54
Crystal Mountain 17.6 27.7 15.1 18.33 12.4 215 18.15
Hurricane Ridge 0.6 0.5 7 0.55 9.5 0.3 0.5
Leavenworth 3.7 0.1 4.2 3.7 0.3 0.6 3.68
Loup Loup 0.8 14 0.9 0.81 0.8 11 0.78
Mission Ridge 45 6.8 7.7 4.9 3.7 1 4.86
Mt. Baker 5.7 5.3 5.8 6.76 5.5 6.5 6.69
Mt. Spokane 6.9 6.1 6.7 7.01 7.4 8.8 6.97
Ski Bluewood 15 14 15 1.95 54 5.8 2.1
Stevens Pass 12 9.1 11.7 13.28 24 5.1 13.31
Summit at
Snoqualmie 31.2 27.9 255 33.8 39.8 40.9 33.88
White Pass 12.1 8.6 10.5 5.33 12 7.8 5.51

Figures 3.1 — 3.7 Results Maps (pages 43 — 49)
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3.2 ArcGIS Online Web Mapping Application

To allow for the easy spatial comparison of results by our sponsors, we have also created
an online web map utilizing ArcGIS Online Story Maps. The map displays results for
Huff Model runs 10-12, Thiessen Polygons, and Network Service Areas. It also displays
the difference in percentage points (over or under predictions) for each Huff Model run.
On the side tab for each map, the user can read about the specific inputs for each run. By
clicking on any resort point, one can see the variables that were used to calculate the

attractiveness measure, as well as each resort’s total rank (attractiveness measure).

This web map can be accessed at: http://uw-
geog.maps.arcgis.com/apps/StorytellingTextLegend/index.html?appid=3585292578b7
4517ae53c82acbe8fd2f

Figure 3.8 ArcGIS Online Story Map - Results
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4.0 Discussion

4.1 Market Share Prediction Results
4.1.1 Huff Model Runs

Our testing and calibration of the Huff Model for ski resort market share prediction

clearly indicate that the Huff Model, given the right mix of inputs, can accurately predict
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a ski resort’s share of the total ski and snowboard market in Washington State. The Huff
Model run 12 results are the best example. Run 12 is the most accurate set of results of
all model runs, including the alternative prediction methods. All resort predictions came
within 1-2 percentage points of the 3 year average, except for two: Mount Spokane
(predicted 7%; actual 4.3 %); and Stevens Pass (predicted 13.28%; actual 18.7%). For the
other 10 resorts, the accuracy of the run 12 results is astounding. Leavenworth Ski Area
came within 2 percentage points (predicted 3.7%; actual 1.9%), as did The Summit at
Snoqualmie Pass (predicted 33.8%; actual 31.5%). However, Leavenworth’s 2012-2013
market share was 3.2%, which is much closer to the run 12 prediction, while
Snoqualmie’s was 32.6%. Other resorts’ market shares were predicted to within less
than 0.5%, such as Mission Ridge (predicted 4.9%; actual 4.8%), or Crystal Mountain
(predicted 18.33%; actual 18.5%).

Run 12 is set apart by its inclusion in the attractiveness measure of the most variables of
all runs. Including all the original base variables such as # of lifts, presence/absence of a
terrain park, distance to a major city, etc. (see Table 2.5 for the complete list) run 12
was the only run to include the season length in weeks. Furthermore, it was the first and
only present scenario that used the revised network dataset (which did not include SR
123), which brought many predictions, such as those for White Pass, much closer to the

actual market shares.

4.1.2 Sensitivity of Huff Model Result and Inputs

In this section, we discuss the sensitivity of the model results to changes in inputs, such
as the network dataset and the attractiveness measure. By sensitivity we mean this: how
much will the results change when the inputs change? If the results change little, they

are not sensitive. If they change greatly, they are sensitive.

One trend that sheds light on the sensitivity of the Huff model is the case of Stevens
Pass’s large underprediction of market share in all model runs. We can only surmise as
to why Stevens Pass’s prediction in particular was never closer than 4 percentage points
from the actual market share using the Huff Model. It may be that we are not including

the right variable that sets Stevens Pass apart from other nearby resorts. However,
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looking at the results, we see that in all Huff Model runs, Leavenworth is consistently
overpredicted while Stevens Pass is consistently underpredicted. Leavenworth Ski Area
is the closest resort to Stevens Pass, and therefore is consuming part of the market share
in the model that goes to Stevens Pass in real life. It is likely to do with the relative
weakness of the season length attribute, as well as other attributes. Leavenworth sees
the shortest ski season of all resorts (less than 3 months), while Stevens Pass sees one of
the longest (5-6 months). This variable, in real life, has a large impact on visitation. The
longer a resort is open, the logic goes, the more chances people have to visit it. Thus,
there are twice as many opportunities to visit Stevens Pass than to visit Leavenworth SKi
Area. However, in all attractiveness measures, we include at least 10 and up to 13
variables. Since we are only ranking these attributes, without applying an additional
weighting scheme, each variable has just as much weight in determining attractiveness
as the next. By that reasoning, the presence / absence of a snow maker has just as much
effect on the attractiveness, and thus the market share, as the season length in weeks.
This is obviously false. Therefore we can say that as the number of variables in the

attractiveness measure increases, the results become less sensitive to changes in them.

However, we do not wish to indicate that the Huff Model results are not sensitive to the
attractiveness measure in general. Huff run 10 demonstrates this. It used the network
dataset, but used only “acres” as the attractiveness measure and “population” as the
sales potential measure. The results were very inaccurate, having the greatest effect on
the largest of resorts such as Crystal Mountain and the Summit at Snoqualmie. It
predicted the former at 27.9% (actual 18.5%) and the latter at 27.7% (actual 31.5%).
Thus we can say definitively that the size of a resort alone is not the best predictor of
visitation. Furthermore, the use of population alone in the sales potential measure is

weaker than using a combination population and income.

Finally, the model results are extremely sensitive to the use of a network dataset

compared to Euclidean distance. The results for model runs 9 and 11 clearly show this.
Run 9 and 11 differed only in the calculation of distance; run 9 used a network dataset
while 11 used Euclidean distance. They both used the same measures of attractiveness

and sales potential. The differences between the two runs’ results are significant. The
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predictions for Hurricane Ridge’s market share differenced by 6.4 percentage points
between the two runs, with run 9’s results being much more accurate. Similarly, The
Summit at Snoqualmie’s results differed by 5.7 percentage points, with run 9 also being
more accurate. Other results differed only slightly between the two runs, but run 9
overall had a higher degree of accuracy. Therefore, we suggest that the use of a network
dataset over Euclidean distance is absolutely critical in obtaining accurate market share

predictions.

The accuracy of the street network itself is also important. Run 12 demonstrates this
effectively. In run 12, a revised network dataset was utilized which eliminated State
Route 123 near White Pass, due to this highway’s frequent closure in winter. In previous
runs, the market share for White Pass had been overpredicted by up to twice its actual
percentage (6.8%), usually around 12%. After we deleted SR 123 from the network and
ran the Huff Model for run 12, the market share for White Pass dropped to 5.5%, much
closer to reality. Other resorts which had been underpredicted, such as Stevens Pass,
also increased, if only slightly, towards their actual market shares. We suggest that the
user of the network dataset possess a full understanding of the seasonality of the
recreational activity under scrutiny and make appropriate adjustments to the network if
roads are closed.

4.1.3 Alternative Prediction Methods

The results of the alternative market share prediction methods, namely network service
areas and Thiessen polygons, clearly suggest that these methods, despite being quick
and straightforward, are not nearly as accurate as the Huff Model. Between the two, it is
additionally evident that network service areas are much more effective than Thiessen
polygons at predicting the market share of ski resorts, given ski resorts’ wide geographic

dispersion.

Thiessen polygons’ effectiveness varied widely. While they were able to come within a
few percentage points of reality for a few resorts, namely Loup Loup (predicted 0.8%;
actual 0.6%) or Mission Ridge (predicted 3.7%; actual 4.8%), they were extremely

inaccurate in predicting others such as Hurricane Ridge (predicted 9.5%; actual 0.2%)
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or Stevens Pass (predicted 2.4%; actual 18.7%). This method cannot be recommended in

any way.

125 mile service areas, on the other hand, were much more effective than their lesser
alternative. Hurricane Ridge was predicted with considerable accuracy (predicted 0.3%;
actual 0.2%), while Mount Baker came within 1 percentage point (predicted 6.5%; actual
7.5%). However, most resorts saw dramatic over- or under-predictions of market share,
with Stevens Pass faring the worst (predicted 5.4%; actual 18.7%). While we could
recommend this method for a “quick and dirty” analysis, due to its requirement of a
network analyst, which is one of the most time-consuming inputs in the Huff Model, we
would suggest going one more step and developing an attractiveness measure. After all,
the network analyst service areas prediction method is basically the Huff Model without
the gravity based calculations involving the attractiveness measure. Furthermore, this
method requires a literature review to discover the greatest distance that consumers are
willing to travel to visit a location, which can require additional time and resources to
accomplish. Therefore we suggest the use of the Huff Model over both service areas or
Thiessen polygons as the method which results in the greatest payoff for the time

requirements.

4.1.4 Huff Model Future Predictions

The Huff Model future market share predictions, using the current inputs, do not show a
great amount of market share change for Washington State ski resorts by the year 204o0.
In fact, the results barely differ from the Huff Model run 12. The greatest change in
market share is at White Pass, which changed by about 0.2 percentage points, from
5.33% in run 12 to 5.51% in the 2040 run. All other resorts changed by less than 0.05

percentage points.

The reason for the small variation in present and future model predictions is due to the
large number of variables in the attractiveness measure, as discussed in section

4.1.2 Sensitivity of Huff Model Results and Inputs.
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Between run 12 and the 2040 run, the only changes were to the season length in weeks
and the population at the origin consumer locations. Because there are 12 other
variables in the attractiveness measure (and one other variable besides population in the
sales potential measure), the change in season weeks will have relatively little effect. If
we could reduce the number of total variables, or introduce a weighting scheme which
values the season length higher, then the changes in future market share would likely be

greater. However, that is now beyond the scope of this study.

4.2 Resilience/Sustainability of Ski Industry in Washington State
As a condition of our use of PNSAA’s and Ski Washington’s ski resort visitor data, we
agreed not to analyze the vulnerabilities of individual ski resorts in Washington State.

The comments here apply to the ski industry in Washington State generally.

The authors of the text Resilience Practice define resilience as “the capacity of a system
to absorb disturbance and reorganize so as to retain essentially the same function,
structure, and feedbacks - to have to same identity” (Walker and Salt 2012, 3). They
distinguish general versus specified resilience, and point out that building resilience
often comes at a cost to either general or specified resilience. Furthermore,
transformability is a key component of resilience, meaning that sometimes, a self-
organizing system must change in order to preserve its fundamental identity (Walker

and Salt 2012, 3).

Applying these points to the ski industry in Washington State is a straightforward task.
The specified threat to the ski industry is a warming climate due to greenhouse gas
emissions, which could potentially decrease snowfall and thus shorten ski seasons.
General threats include unexpected avalanches and low snowfall anomalies, as well as
demographic changes which could affect the relative market shares for certain resorts
(such as incomes decreasing in parts of the state, resulting in fewer visitors to the local
resort). While the literature in part suggests that the ski industry in the USA could see
drastic declines in season length in the coming decades (see Figure 1.3 Thresholds

Matrix), our examination of future winter temperatures for recalculating ski resorts’
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season lengths indicates that the ski industry in Washington State is resilient against
specified threats such as a warming global climate. Specifically, under the A2 climate
scenario, no resorts saw warmer season end month temperatures in 2040, while all
resorts saw higher start month temperatures. Despite this, only 5 resorts saw season
start month temperatures that were higher than 3 degrees Celsius, and thus wouldn’t be
able to make snow for large parts of their traditional start months. By our mixed
gualitative/quantitative season length prediction method for 2040, only half of resorts
will see shorter seasons, and then only by 4 weeks at maximum. Additionally, while
building resilience against lower snowfall at the tail ends of the season can come at a
high cost in dollars due to the massive expense of snow making, resorts have the unique
opportunity to take advantage of lower summer snowpack by offering summer
recreational activities such as hiking or mountain biking. Furthermore, due to the lower
overall deep winter temperatures (December through March), snowfall is unlikely to
decrease during the core of the Washington State ski season (and may even increase due
to higher precipitation). Therefore, Washington’s ski industry is expected to retain its

identity for decades to come.

4.3 Huff Model Simplifying Assumptions
We have discussed the Huff Model’s and our own simplifying assumptions throughout
this text. Below is a summarized list of various assumptions that were made by us or are
inherent to the model.
1. The “attractiveness” measure accurately represents those entities that attract
people to the destination.

a. Does not take into considerate people’s perception of a resort, such as
nostalgia, crowds, special occasions, personal preference for types of runs,
etc.

b. Does not take into consideration quality of lifts, terrain parks, dining,
availability of first aid, rentals, difficulty level of lifts, classes, differences
between lift ticket costs, etc.

2. Does not take into consideration origin locations outside the area of interest
boundary.
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3. Road network dataset does not contain non-paved roads and ferry routes.

4. Future Scenario: Unknowable variables remain constant.

5. Future Scenario: Future population projections were distributed to census tracts
based on their 2010 ratio to total county population

6. Future Scenario: Income remained constant
Future Scenario: An average monthly temperature higher than or near 3 degrees
Celsius meant that snow could not be made for at least part of the month, and
thus a resort must shed one or more weeks off its season depending on how much
higher than 3 degrees Celsius its predicted temperature is.

8. Future Scenario: All resorts would choose to make snow as long as they could

rather than close early.

4.4 Huff Model Limitations

Though the model documentation suggests that the Huff model may be used for
calculating a specific number of people visiting a store, and even calculates the visitation
rate from each census tract, we strongly encourage users to avoid this type of use for
predicting absolute numbers as a means of calculating economic impact of a specific

activity, especially at the state level.

One reason that the Huff Model is a poor predictor of absolute visits, as opposed to a
potential market share, is the fact that the model assumes that the entire population
within a tract will visit a resort, when in fact there are often some people who do not ski,
and others who have multiple visits. The model makes the simplifying assumption that
these two factors balance each other out. Furthermore, when using the Huff Model for
this purpose, the total number of visitors to all locations will inevitably equal the total
population of all consumer locations. So if one wants to predict the total visitation of all
ski resorts in Washington State based on the population in 2010, the result must equal
6.7 million. Therefore, the Huff Model is more effective when predicting relationships
between resorts, i.e. market shares. How much the model predicts for a given resort

matters less than how much is predicted in relation to all other resorts.

57





5.0 Business Case for Future Implementation

5.1 Recommendation for Successful Model Use

It is recommended that the Huff Model is valuable for predicting market share, but with
the stipulation that one considers the full range of possible variables for calculating the
“attractiveness” measure. While it is possible to run the model with minimal inputs, the
analysis in this report has shown that the results more closely resemble reality when
more, but not too many, aspects of the recreation activity are present in the analysis.
This also has the potential to impact the results and the conclusions made about those

results.

5.2 Further Steps & Projected Costs

Our recommended course of action is that the Huff Model is indeed appropriate for
usage in estimating market shares for various recreation activity points when the state
total is known. Estimating the cost to run the Huff Model for the entirety of one type of
recreation activity, from collecting the data to deciding on ‘attractiveness’ measures,
proved to be difficult due to the high variability between different types of recreation
activities. Therefore, we have decided to portray an estimate of cost for what it would
take to complete those tasks that would demand additional time from an Earth
Economics GIS Analyst to complete before the Huff Model could be used in the desired
fashion. What has been discovered from our sponsor attempting to run the model on
other types of recreation, such as fishing grounds, is that the Huff Model script itself
must be adjusted. This is due to requirement that a recreation location point be within a
minimum distance of 1000 meters from a road network to be included in the analysis.
Some work would need to be accomplished before one would be able to set the distance

to network as 5000 meters, or 10000 meters, or any chosen distance.

An additional expense before the Huff Model could be run as desired is that the road
network dataset must be adjusted to include non-paved roads, as well as ferry routes.
The current network dataset does not presently contain those elements as this was a
simplification that we made for this project. The statewide scale and easy accessibility of

ski resorts allowed us to use a simplified network dataset.
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In order to save additional time in running the Huff Model there are some
improvements that could be added to the python script for running the Huff Assist tool.
Currently, the tool is set to label the attribute field in the intermediate tables containing
the total sum of each ski report’s participation from each origin location (census tracts)
as “SUM _sales.” This poses an inconvenience when running the Huff Model multiple
times because each run joins a table with a field called “SUM _sales” to the original
recreation field class. It then becomes necessary to change the field name after each run
in order to keep track of the results from multiple runs. Therefore, it is suggested that
additional time be spent in adjusting the script so that this field name may be specified

according to the user for each run of the Huff Model.

An additional process that would save time completing calculations after the script tool
finished would be to add additional script to the tool to do these calculations for the
user. This would basically have the tool go one more step and sum the, now called,

“SUM _sales” that has been joined to the original recreation activities feature class.
Then, create a new field and populate this field for each record with the following
equation: ([SUM _sales] * 100) / Total sum of the “SUM __sales.” This equation fills in
the table with each individual resorts percent market share rather than manually

calculating the value using the Field Calculator.

Table 5.1 lists who will do what, with what expected outcomes, and at what cost for the
additional tasks. As you can see, the estimates for conducting the additional steps
previously described are split into two categories: the cost for if an Earth Economics GIS
Analyst were to do the work or if an independent contractor were hired to complete the

tasks.
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Table 5.1 Future Implementation Tasks and Projected Costs

Additional Tasks Description Estimated | Expected EE GIS GIS
hours to outcome Analyst Contractor
complete * $16/hr $100/hr
The Huff Model
Adjust & manipulate Huff Model will now include
python script to allow different 5 points at a user $80 $500
minimum distances from point to road defined distance
network to road network
Complete & adjust road network dataset Complete
to include non-paved roads and ferry 10 functioning road $160 $1000
routes network dataset
Addition of script to Huff Assist tool to Huff Assist tool
allow user to input unique name instead 4 for a more
of “SUM_sales”. streamlined $128 $800
workflow
Also write script to calculate percent
market share at the end of the tool 4
script.
Total Cost Estimation 23 $368.00 $2300.00

*Estimates are high tO leave room for solving problems

*It is expected that a GIS Contractor would require less time to complete the work, however that person

would need time to familiarize themselves with the material. Therefore, due to lack of knowledge about

the requirements of a contractor, the hourly estimates remain the same for simplicity. Hourly estimates,

of course, vary from person-to-person.

Figure 5.1 Future Implementation Workflow
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7.0 Appendices
Appendix A: Glossary

Calibration: to adjust a set of parameters associated with a computational science and
engineering code so that the model agreement is maximized with respect to a set of
experimental data (Trucano et al 2006, 1).

Data Model: Extensible Markup Language (XML) workspace document that contain
different structures that can be applied to a database for the type of data one wants to

create or work with (ESRI 2014).

Direct economic impact: expenditures associated with activity

Euclidean Distance: distance in a straight line between two objects.
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Feature class: a collection of common features having the same spatial

representation: lines, points, polygons.

Geodatabase: a collection of geographic datasets of different types: feature classes,
taster datasets, tables, feature datasets, topologies, networks, relationships, etc.

Indirect economic: expenditures associated with suppliers.
Induced economic impact: expenditures associated with employees.
Market share: the percentage of revenue accounted for by an entity from the total.

Network dataset: dataset for the purpose of modeling networks, created from source
features. It can include simple features such as lines and points, and store the

connectivity of the source features (ESRI 2014).

Resilience: the capacity of a system to absorb disturbance and reorganize so as to
retain essentially the same function, structure, and feedbacks - to have to same identity
(Walker and Salt 2012, 3).

Appendix B: Original Request for Proposal

State of Washington Recreation & Conservation Office

Request for Proposals (RFP) NO. RCO1406, response to the Governor’s message to the
Blue Ribbon Task Force.

Project Title: Request for proposals to provide a study that quantifies the economic

contribution of outdoor recreation to Washington State’s economy.
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Within this request for proposals, there are five modules outlined. It specifically
requests proposals for Module I and Module 11 with additional considerations for the
remaining modules to be completed within the proposed budget. Following, each of the
modules is outlined, directly quoted from the RFP:

Module I: Economic contribution of all outdoor recreation in Washington
State

Quantify the total annual economic contribution (direct, indirect and induced, and
resulting number of jobs) of all expenditures related to outdoor recreation in
Washington State.

i. State-wide, and

ii. If feasible, at the regional level: most preferable, by legislative district and
county; less preferable, counties only or regions composed of groups of counties.

Results should be broken into contributions from different recreational activities. Using
the classifications in the 2013 Washington State Comprehensive Outdoor Recreation

Plan (SCORP) is recommended but not required.

Module I1. Economic contribution of outdoor recreation on Washington
State public lands

Quantify the total annual economic contribution (direct, indirect and induced, and
resulting number of jobs) of expenditures on outdoor recreation taking place on
Washington State public lands: recreation on federally managed lands (National Park
Service, U.S. Forest Service, Bureau of Land Management, U.S. Fish and Wildlife, Army
Corps of Engineers); recreation on state-owned lands (State Parks, Department of
Natural Resources, Department of Fish and Wildlife), and recreation on regional and

local outdoor public recreational facilities.
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i. Total contribution state-wide and, if feasible, at the regional level: most
preferable, legislative districts and counties; less preferable, counties only or

regions composed of groups of counties

ii. Total contribution state-wide on lands owned by each of the nine managing
entities listed above and, if feasible, each at the regional level: most preferable, by
legislative district and county; less preferable, counties only or regions composed

of groups of counties.

iii. Because a great amount of recreation in Washington State occurs on rivers,
lakes and larger bodies of water, and because those waters are typically
considered public, we also seek an assessment of the economic contribution of

recreation activities on water.

Module I11. Economic contribution of outdoor recreation on Washington

State private lands

Quantify the total annual economic contribution (direct, indirect and induced, and
resulting number of jobs) of expenditures on outdoor recreation taking place on
Washington State private lands such as golf courses, ski areas, and timber company
lands.

i. Total contribution state-wide and,

ii. If feasible, at the regional level: most preferable, by legislative district and

county; less preferable, counties only or regions composed of groups of counties.

Module IV. Economic impact of expenditures on outdoor recreation by non-

local visitors

If possible, quantify the total annual economic impact of expenditures (direct, indirect

and induced, number of jobs) on all outdoor recreation by non-local visitors.
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i. Impact on Washington State by recreating visitors from outside the state, and

ii. If feasible, impact of visitors at the regional level from outside the region: most

preferable, legislative districts and counties; less preferable, counties only or

regions composed of groups of counties

Module V. Economic value of recreation-related ecosystem services

Identify ecosystem services that are of value to outdoor recreation in Washington State

and quantify the annual economic contribution resulting from these recreation-related
ecosystem services, contrasting healthy and degraded ecosystems.

i. State-wide, and

ii. If feasible, at the regional level: most preferable, legislative districts and
counties; less preferable, counties only or regions composed of groups of

counties, and

iii. If feasible, estimate the total annual state-wide economic benefit of
recreation-related ecosystem services in Washington State, contrasting healthy

and degraded ecosystems.

Sources of information for Modules I-V may be original research data, secondary data,
data combined with data and/or models from other studies, and inferences based on
results from other studies. For any elements that are deemed not feasible within the
scope of this contract due to cost, time frame, or lack of appropriate information or
applicable methodology, state the reasons that the element is not feasible.

(RCO 2014, 3-4)
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Appendix C: Huff Model How-To Text

Huff Model How-To: General setup for calculating percent market share of
a given recreation activity

Earth Economic and UW PMPGIS

August 2014

Application:

The suggested use of the Huff Model is for estimating market shares of a location, as
opposed to absolute numbers. This method can accurately predict each input point’s
share of total business, but not the number of customers or the total sales. This
document outlines how to calculate an “attractiveness” measure for use in the Huff
Model.

I. Setup Huff Model Inputs
1. Obtain or populate point feature class (FC)

a. Original feature class may be in line or polygon form. In this case they will
have to be converted to a point FC. This can easily be done by using the
Feature to Point tool in ArcMap.

b. The points in this feature class represent the locations to which people are
being attracted. These can be golf courses, stores, ski resorts, lakes, etc.
The point can be the centroid of a polygon or the entrance to the location
(if it is a very large area). At minimum, this dataset must have two fields: a
“Name” field, type Text, and an “Attractiveness” field, which must be a
numeric type (Double is recommended). These fields can be named in any
way, as you will specify them in the Huff tool dialogue.

c. Itisalso suggested to add a Text field called “NUMname”. Calculate this
field with the following expression: OBJECTID + 1. Use this field as the
“Name” input in the Huff Model if you will be using the “Assist” script tool.
This allows a key to be made to link the Huff output with the point FC
input.

2. Calculate Attractiveness Fields. See Sections |11 and IV for directions on how to
do this.

3. Setup a workspace folder for outputs; this will be used in both Huff Model and
HUFF Assist tool.
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4. Obtain or create a working road network system.
a. Network Analyst is required for the network dataset to work
5. Obtain or create a boundary for the area of study

6. Obtain Origin locations FC for the consumer locations, to be used as origins in
the model

a. Origin locations are often census geographies (blocks, block groups, tracts)
but could also geocoded consumer locations.

b. If a specific dataset is not specifies random point within study area will be
used

7. Populate or Specify Sales Potential Field

a. Field attribute with in origin location such as income, population, or other
social/ economic data.

8. Verify that all FCs are in the same coordinate system, if not, convert them in
ArcMap.

9. Due to the large size of field names, it is recommended to use only geodatabase
feature classes, not shapefiles.

1. Populate Huff Model tool Dialog box
See image below.

1. Input Store Locations FC: Recreation activities point FC

2. Input Store Name Field: “NUMname”

3. Input Store Attractiveness Field: Field calculated in section I11.
4. Input Output Folder

5. Fill in Output Feature Class Name
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a. Thisis the results FC, if intending to run multiple iterations of the Huff
Model develop a naming convention.

6. Check the Use Street-Network Travel Times box
7. Input Street-Network Dataset

8. Input Origin Locations

9. Specify Potential Field

10. Hit Ok

11. Follow directions for result preparations and percent market share calculations in
sections V and VI.

e
l|a—@_Eﬁ Model E

% Store Name Field The Huff Model is a spatial
hd interaction model that
% Store Atfractiveness Field calculates gravity-based
- probabilities of consumers
® Output Folder at each _origin location _
@ patronizing each store in
the store dataset. From
& Output Feature Class Name these probabilities, sales E
potential can be calculated
© Study Area for each origin location
@ based on disposable
income, population, or
% Distance Calculation other variables. The
) probability values at each
[T Use Street-Network Travel Times (optional) origin location can
Street-Network Dataset (optional) optionally be US?‘# to
nEL generate probability
— 13 surfaces and market areas
Search Radius Constraint (optional) for each store in the study
Unknown > area. NOTE: This tool
Nearest Neighbors Constraint (optional) requires an Arcinfo license.
- As a gravity model, the
# Huff Model Opti : .
Il u SRS Huff Model depends heavily
Distance Friction Coefficient (optional) on the calculation of
2 distance. This toal can use
Generate Market Areas (optional) two conceptualizations of
NONE - distance - traditional
N ) Euclidean (straight-line)
[] Gemerate Probability Surfaces {optional) distance as well as traval
# Origin Locations and Sales Potential time along a street
o ) - network. To account for
Origin Locations (optional) differences in the
@ attractiveness of a store
Sales Potential Field {optional) | relative to other stor_gs, a
- measure of store utility
= such as sales volume, =
[ oK J [ Cancel ] [Environrnents... ] [ << Hide Help ] [ Tool Help
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I11. Calculating an Attractiveness Measure for Use in the Huff Model
Methods:

1.

10.

11.

Establish variables

Use variables that correlate with more or less attractiveness of a particular
location. Total land area, presence of certain facilities, distance from a major city,
etc. can all be variables that determine a location’s attractiveness. Each variable
will be a numeric field in your point FC. It is important to ensure that there is an
entry for every location in your dataset.

Add variables to attribute table (if not already attributed)

If your point FC is small, this is can go quickly. If your point FC is large, choose
variables (if not already attributed) that can be calculated and added using
automation (such as the NEAR tool, explained below in the “Additional Methods”
section).

Calculate standardized ranks

If you have variables using different measures, such as “acreage” or “number of
boat launches”, you can calculate a standardized rank which will allow you to
compare different variables on the same scale (between O — 100). Calculating
each variable’s rank is a two-step process.

a. Add a field to your point location’s attribute table called
“VARIABLE_rankmag”, field type Double. Replace “VARIABLE” with your

variable’s name, such as “Acreage_rankmag”.

b. Add a field to your point location’s attribute table called
“VARIABLE_rank”, field type Double.

c. Rightclick on the variable’s field and use the “Statistics” option to record
the maximum and minimum values. Either copy and paste these or record

them in a separate document.

d. Open up the Field Calculator in the “VARIABLE_rankmag” field. Input the
following formula, replacing the text with the values you recorded:

(Maximum — Minimum) / 100
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e. Open up the Field Calculator in the “VARIABLE_rank” field. Depending
on how you want to rank your variables, you will use one of two slightly
different formulas:

If you want HIGHER values to have HIGHER ranks, input
100 — ((Maximum — VARIABLE) / VARIABLE_rankmag)

If you want LOWER values to have HIGHER ranks, input
(Maximum — VARIABLE) / VARIABLE_rankmag

f. Repeat this process for each variable

g. Add field, type Double, called “TotalRank”. In the Field Calculator, sum all
the “_rank” fields (NOT “_rankmag”)

h. This field is now ready to be used as the “attractiveness” measure.
IV. Additional Attractiveness Measure Calculation Methods
1. Calculating “Distance” Variables

a. For those variables that involve a distance score from locations to the
variables of interest (such as distance to a major road), use the “Near” tool
in ArcToolbox. This tool calculates the distance of the nearest feature of
interest to your point location, and adds a new field to the point location’s
attribute table.

b. When calculating the standardized ranks, replace “VARIABLE” with the
“NEAR_DIST”. Remember to choose the correct formula for whether you
want nearer features to have higher or lower scores. Since you will likely
wish nearer features to have higher ranks in your point location attribute
table, use (Maximum — VARIABLE) / VARIABLE_rankmag , because the
smallest distance is preferred.

c. NOTE: Every time the “Near” tool is run, it will replace the last
NEAR_DIST field. Therefore, you must complete calculating the rank
magnitude and rank for each distance variable in turn, before moving on
to the next.

2. “Sales Potential” field in Huff Model set-up
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a. We suggest “Population” as the most effective option for this input. Use a
statewide census tracts dataset with a total population field.

b. If, however, there are other demographic factors influencing participation
in the activity of interest, especially median family income, you can use the
ranking methodology above to come up with a custom “sales potential”
measure.

V. Prepare Huff Results For Percent Market Share Calculations
1. Utilize Tool
a. Open HUFF_Toolbox, Open HUFF Assist script
b. Define workspace: Use the same folder as the Huff Model, ex HUFF_1
c. Input Huff Model results FC
d. Input original recreation activity point FC

e. HitOK

f.  The results of the Huff Model should now be joined to the original recreation
layer under the field name “SUM _sales”

V1. Calculate percent market share

1. Add a new field to the recreation activity FC, suggest naming it similar to
“HUFFresultsratio_1”

2. Rightclick on “SUM _sales,” click on statistics, write down the sum of this field

3. Inthe new attribute field, calculate this field with the expression ([SUM _sales] *
100)/Total sales sum
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Appendix D: Huff Assist Python Script

Chelsey Aiton and Brenden Mclane
University of Washington

GIS and Sustainability Management
Geog569 Capstone Project

This tool assists in processing the results from the HUFF model, so that they may be
used to calculate market share of a particular recreational activity. The HUFF model
creates a field in the attribute table for every Ski resort (in this case). The tool then takes
this output and sums all the numeric fields and exports to a table, transposes the
summary table, selects only the desired records, renames the selected fields, and joins

this information to the original recreation layer.
# Import system modules

import arcpy

import os.path

import os

# Set environment settings

from arcpy import env

workinfolder = arcpy.GetParameterAsText(0)
env.workspace = workinfolder

env.overwriteOutput = True

# Creates geodatabase to store output tables
# Set local variables

out_folder_path = workinfolder
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out_name = "HUFFtool_outputs.gdb”
# Execute CreateFileGDB

arcpy.CreateFileGDB__management(out_folder_path, out_name)

# Description: Script that runs the Summary Statistic tool to calculate the
#Sum statistic for every numeric field
# Set local variables
intable = arcpy.GetParameterAsText(1)# Huff results in output.gdb
outtable = "HUFFtool outputs.gdb/Sum_ stats"
stats =[]
# Loop through all fields in the Input Table
for field in arcpy.ListFields(intable):
# Just find the fields that have a numeric type
if field.type in ("Double”, "Integer", "Single", "Smalllnteger"):
# Add the field name and Sum statistic type
# to the list of fields to summarize

stats.append([field.name, "Sum"])

# Run the Summary Statistics tool with the stats list

arcpy.Statistics_analysis(intable, outtable, stats)

# Description: Script that runs the transpose tool to move the sums from a row to a
column
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inTable2 = "HUFFtool_outputs.gdb/Sum_ stats"

# Set a variable to store output feature class or table

outTable2 = "HUFFtool_outputs.gdb/transposed”

# Set a variable to store time field name

transposedFieldName = "NUMname"

# Set a variable to store value field name

valueFieldName ="Sum_ sales"

name =[]

# List fields and loop through all of them

for field in arcpy.ListFields(inTable2):
name.append([field.name, field.name])

# Specify fields to transpose

fieldsToTranspose = name

# Execute TransposeTimeFields

arcpy.TransposeFields_management(inTable2, fieldsToTranspose, outTable2,
transposedFieldName, valueFieldName)

# Description: Script that runs the Table Select tool to select only those records ending
in"_sales"

# Set local variables

GDB_ENVIRONMENT = "HUFFtool_outputs.gdb"
in_features = "transposed”

out_feature class ="select sales"

arcpy.env.workspace = GDB_ENVIRONMENT
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activeExpression = arcpy.AddFieldDelimiters(in_features, "NUMname™) + " LIKE
'Ysales%™

# Execute Table Select tool with where clause

arcpy.TableSelect_analysis(in_features, out_feature_class, activeExpression)

# Description: Script that truncates the attribute records, removing the prefix and suffix
fc = "select_sales"
verification = arcpy.Exists (fc)
print verification
del verification
cursor = arcpy.da.UpdateCursor (fc, ['NUMname"])
for row in cursor:
cursor.updateRow([row[0][5:-6]])
del row

del cursor

# Description: Script that runs the Join Field tool to join the new table to the original
recreation table

# Set local variables

layerName = arcpy.GetParameterAsText(2) #original rec file with NUMname field
joinTable = "select_sales"

joinField = "NUMname"

# Join the feature layer to a table

arcpy.JoinField_management (layerName, joinField, joinTable, joinField)
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Appendix E: Initial Mapping and Geoprocessing Work

To begin the project, together with Earth Economics we established a general idea of
how we could help them. They needed assistance in the areas of geographic analysis,
cartography, geodatabase model, and business workflow. Choosing to start with
acquiring different public data sources, we were able to create new feature classes in
preparation for the analysis workflow. Earth Economics has data delineating how much
economic contribution each type of recreation provides in WA. Our efforts will assist
Earth Economics in future economic calculations for determining what portion of
economic contribution from each recreation type is allocated to each county and
legislative district. In accordance with RFP Module 11, this process required locating
different public datasets, and extracting the different types of outdoor recreation class

found within to their own feature classes.

One difficulty that Earth Economics has is that the economic impact of various classes of
outdoor recreation in WA has already been calculated. However, it is aggregated at the
state level. The Washington state RFP requests that it be disaggregated to the county or
legislative district level. They currently have surveys that show the amount spent per
trip, number of trips, and other data. The data that does not exist are visitation rates to
all public and private recreation lands except National and State Parks. These rates will
have to be interpolated based on proximity of a park to population centers as well as

census population data and surveys.

Additionally, to assist Earth Economics with acquiring more data, we were instructed to
create a series of public lands and recreation inventory of maps. These maps will assist
as a reference when making decisions, and calling counties or state/ federal agencies to
inquire if they can assist in providing additional data. Furthermore, a quick set of maps
representing the population distribution and landuse designations to present in-house
were produced. Figures B 1-22 represent versions of the maps provided as those

references.
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Those datasets that were disaggregated according to recreation follow, along with the

individual feature classes that were extracted. The majority of the datasets were public,

with a few private datasets, as well. Thumbnails of individual maps may be seen in

Figures B1-22. The geodatabase structure may be seen in Figures B23a,b,c.

Compiled and Extracted Datasets

1. Protected area database

a.
b.
C.
d.

E1 Access
E2 Owner Name
E3 Primary Local Designation

E4 Primary Designation Type

2. Washington Counties, for reference

3. Washington Legislative District, for reference

4. Washington Department of natural resources

a.
b.

DNR boundaries
E5 DNR parcels

5. Washington Legislative Districts, for reference

6. Other types of Washington Recreation

a.

=3

h.

@ =~ o a o

E6, E8 RCO Boat Facilities (Launch and Moorage)
E7 Scenic Highways

E9 Ferry Routes & Ferry Terminals Public/Private
E10 Public Shore Access

E1l Beaches

Game Management Units distribution by county
Golf Courses

Washington Ski Resorts

7. Washington Administrative Boundaries

a.
b.

C.

E13 Park Districts
E14 Park Recreation Districts

Park Regions

8. Washington Public Lands Inventory
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o 9

® o o

DNR Aquatic

E15 DNR Land

E16 Federal Lands

E17 Local Government Lands
E18 State Fish and Wildlife
State Parks

9. Washington Landuse E19

o

g.
h.

- ® a o

Amusements 73

Cultural Activities 71

Other Cultural Entertainment Recreational 79
Parks 76

Recreational Activities 74

Resorts Group Camps 75

Vacation Cabin 19

Water Areas 93

10. Population Distribution

a.
b.

C.

E20 Population By Category
E21 Population By Legislative District
E22 Population By Park Region
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Figures E1-4
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Figure E5-12: Other Types of Washington Recreation
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Figure E 20-22: Population Distribution
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Figures E23 a, b, c
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Calculating Game Management Unit to County ratio

In addition to extracting public datasets, we were tasked with acquiring and
manipulating three additional private datasets Game Management Unit to county
ration, golf course locations, and ski resort locations. The methodology for follows:

Add new field (Double) to the GMU attribute table

Calculate area in acres

Run Union tool with county shapefile and GMU as inputs

In resulting GMU, delete areas “not in effect” for hunting

Add field (Double) to unioned GMU/County FC; calculate area in acres

o g s w N F

Delete GMU areas extending beyond counties. These will have no county

attributes and are very small.

Add field (Double). Name it “AcresPercnt” or something similar.

8. In new field using the Field Calculator, divide the new unioned acres by
the total original GMU acres

9. Use “Table to Excel” tool to export the attribute table with the GMU to

county ratios

Calculating County to Legislative District ratio

e Use same process as above, except replace GMUs with counties and counties with

legislative districts.

Obtaining Washington Golf Data Points

1. Access: http://www.poi-factory.com/node/29395

Register to download files with POI Factory
Once registered, two buttons appear at the web address above .csv or .ov2.
(TomTom)

4. It was useful to download both
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5. The csv projects the coordinates incorrectly. However, if you have an excel
file with x and y coordinates in ArcMap go to File>Add Data>Add XY
Data. Choose the excel table and specify which columns are the x and the y
fields. Set the coordinate system and ArcMap will project the points. One
can look this subject up in ArcGIS Help window for more complete
directions.

6. To convert the .ov2 file to a KML go to the following web address:

http://www.poieditor.com/poi convert/ov2-to-kml/

Convert file
Open in ArcMap and use the tool KML to Layer
Clip the golf shapefile to the Washington boundary
10.  Then, join Washington golf points file to the original CSV, checking the
box to “only keep matching records”. The .ov2 file does not contain
addresses and number of holes as the .csv file does. By joining the two
tables one is able to retain this information. Export as final feature class. Delete

any irrelevant attribute fields

Extracting Washington Ski Resorts

Download Google Earth
Search for Ski resorts in Washington

3. In this case you have to zoom in to each resort until you see a little ski man
symbol

4, Right click, save to My Places
Do this for each individual location,

6. In this case, Google Earth did not have some of the smaller resorts.
Therefore, those had to be individually searched for; a placemarker was
added and named appropriately.

7. On the left hand column you should see the individual location names
listed. If the points end up in the temporary places: right click> save to my

places.
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8. Once you have all the points in my places, right click on My Places > Save
Place As

9. Open ArcMap, use the tool KML to Layer, this will add the file to map.

10. In order to edit > export to shapefile or feature class.

11. Fill in attributes, manually, based on a number of criteria to be used for
the “attractiveness measure”. The attribute information was obtained from

http://www.liftopia.com/ski-resort-info/statemap/WA/Washington

Appendix F: Huff Model as Local Park Visitation Predictor

Introduction to HUFF Model as an opportunity to predict visitation rates to local and
county parks.

As established, the Huff Model is traditionally applied to the analysis of retail store
placement in relatively confined geographic areas, before we elected to focus on its
application in the ski industry at the scale of Washington State. We conducted a test a
ground truth method for determining how useful the HUFF model could be at
predicting accurate visitation rates. Having acquired the visitation rates for the

National Parks, we proceeded to test the models results against know reality.

Inputs:
e WA State Boundary
e WA State Census Tracts
o Total Population for “Sales Potential”
e National Park Points
o Total acres as “attractiveness” measure

o Euclidean distance

As an example of results, Figure F1, represent results for the Olympic National Park
predicted visitations based on census tract. The models predicted visitation was
2,704,872, versus the actual 2,844,563. While these results look promising even with
fairly simple inputs, if one looks at Whitman Mission NHS from the same run, Figure
F2, there is a large discrepancy in predicted results versus actual results.
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Limitations and Speculations of Huff Model for Natl. Parks

e National Parks receive out-of-state visitors and have different visitation patterns

e Model assumes every resident will visit a park

o Street-Network malfunctions and network analysis only includes tracts within a
certain distance.

e Modifiable aerial unit problem: the model the boundary as if it were an island
(Huff and Mcullum 2008, 9). People from outside the boundary will not travel
within.

Therefore, it was concluded that this is not an appropriate analysis method for
estimating visitation rates.

Figures F1-2

SEpE

~ BRITISH
- COLUMBIA

T N

E Huff Model Results

e Predicted Visits by Census Tract
\ - 0.000000 - 931.765035
- 931.765036 - 1635.881583
: 1635.881584 - 2334.958629
- 2334.958630 - 3257.511876

4

OREGON I 3257511877 - 6276.185901
0 g 80 1o | Huff Model Results for Legend
s s i i @ Olympic NP (Huff point input)
Predicted Visits: 2,704,872 O]ymplc Natlon-al- Park N G Olympic NP Bound
Actual Visits in 2010: 2,844,563 Total Annual Visits ympic NP Boundary

92





Huff Model Results
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Recommended Course of Action

This report describes geospatial analysis methods for identifying wintering marine bird
hotspots and possible impacts in the Salish Sea. ESRI ArcGIS tools are used to analyze 20
years of observation data to determine spatial and temporal changes in population hot
spots and possible relationships to habitat improvement sites, urban and commercial
development, fishing, pollution, and shoreline improvements. The relationship of
wintering bird populations to possible impacts is unclear due to the complexity of the
migratory bird ecological system, but continued effort and additional implementation of
suggested GIS techniques could lead to a better understanding of why wintering bird
populations and hot spot locations are changing. Despite the complexity of the system this
study develops methods, as proof of concept, for analyzing the proximity of marine bird
populations to potential impact sources. It is suggested that relationships to impacts be
analyzed in both an individual species and guild method, and by a species richness method,
though the former is considerably less complicated and thus a less resource intensive
method. The relationships of marine birds to impacts should be measured based on the
distance from marine bird hot spots to potential impact locations. A regression analysis
can be used to compare the proximity of marine bird hot spots to impact locations. To
accomplish this, the input dataset must meet the assumptions of the regression method
used. Most of the stock ArcGIS methods assume a linear relationship between dependent
and independent variables, and if this is not the case non-parametric test exclusive of
ArcGIS should be considered. Species richness analysis poses its own problems, but can
also be used in regression analyses, and may provide a better picture of marine health and
ecosystem utility. It is suggested that the proof of concept methods in this report be used
when attempting to determine areas of high concern for management actions. However,
future development of techniques will be required to accurately depict the system state
and needs. These developments are discussed in the discussion section as well as in the
business case, and although the developments may seem time consuming they will add
valuable information to the ecosystem health knowledge of the Salish Sea.
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1 Introduction

As upper trophic predators, marine birds can provide valuable insight into the health of the
marine ecosystem. In addition to their tight linkage with prey species, the availability of
good time-series data sets and the general abundance of many species make marine birds
relatively useful indicator species (Pearson and Hamel 2013). The Washington State
Department of Fish and Wildlife (WDFW) has been using aerial transects to monitor
marine bird populations in the Washington portion of the Salish Sea since 1994. This,
continuous time-series, data allows for the creation of an index of abundance for marine
bird species that can be compared across years, and allows for monitoring of trends in
abundance.

The Salish Sea is a combination of inland marine waters extending from the north end of
the Strait of Georgia and Desolation Sound in British Columbia, Canada, to the south end of
the Puget Sound in Washington State, USA, and as far west as the mouth of the Strait of Juan
de Fuca (Washington State Department of Natural Resources 2009). According to the
Washington department of ecology, "Since 1960...the number of people living in the 12
counties bordering Puget Sound has more than doubled - from about 1.8 million to more
than 4.4 million residents in 2008. In fact, 67 percent of Washington State’s entire
population lives in the Puget Sound region." (Department of Ecology 2014). The increase
in population has led to subsequent increases in pollution, fishing, marine traffic,
developed land, and other impacts that affect migratory birds. For the purposes of this
study, and due to the nature of the primary data source, the study area is limited to
observations from the Washington State, USA, portion of the Salish Sea (Fig. 1.1).

Over the last 100 years there have been significant changes to the Salish Sea ecosystem and
resultant impacts on migratory birds. Many species are in part, or fully dependent, on the
marine waters of the Salish Sea ecosystem. “172 bird and 37 mammal species depend on
the Salish Sea marine ecosystem for habitat or food; of these, 42% (72) of the bird and 78%
(29) of the mammal species are highly dependent on the marine ecosystem. This means
that 58% of the birds and 22% of the mammals using the Salish Sea marine ecosystem are
co-dependent on marine and terrestrial ecosystems for significant life history needs, which
highlights the importance of ensuring that marine conservation efforts in the Salish Sea do
not stop at the high-tide mark." (Gaydos and Pearson 2011). Even though much of the
focus for management has been on marine areas, the impacts to birds come from various
terrestrial and marine sources which are all part of a very complex system. There is an
increasing push to study indicators of health for both marine and terrestrial birds in the
region as indicators of ecosystem health (Pearson and Hamel 2013).

4|Page





Figure 1.1 Overview of the Salish Sea Ecoregion, and the more specific project study area as limited to

the Washington State, USA portion of the ecoregion.
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Some of the major components that affect this system in ways that are not limited to the
Salish Sea marine area include (Anderson et. al. 2009)1:
Air and water contamination

Fisheries declines

Changes in food availability or habitat along migratory routes for migratory species
Climate change

Anthropogenic landscape modifications, such as shoreline modifications

Figure 1.2 Social Ecological Systems Table. Shows focal scale of the study and the corresponding

potential biophysical, economic, and social values for attaining the project goals.

Social-Ecological Systems Table
Goal: Stable or improving populations of over-wintering marine bird species in the Salish Sea.

Geographically

Biophysical

Economic

Social

Pacific
Flyway and
Salish Sea
Ecosystem

sysem effects)

Above Focal Scale (Extra-

Viable stop-over for migrating
marine bird species (Audubon
2014).

Value of ecotourism to
the areas. Healthy
populations may signify
healthy marine
ecosystemes, i.e.
fisheries etc. (Parsons
et. al. 2008)

Exchange of ideas and
community with
ecotourists and other
local communities to
protect marine avian
species.

Salish Sea
dependent
Marine Bird
Communitie

S --
Specifically
in WA State

Focal Scale(System)

Annually stable or improving
over-wintering marine bird
numbers and/or richness
across the focal area (Project
Partners’ Goal).

Stable fisheries,
maintained property
values, high level of

intrinsic value in

biodiversity (SOS
2013).

Benefits of biodiversity to
local communities:
birders, fisheries, real
estate (Pimentel et. al.
1997).

Localized
Over-
wintering
Concentrati
ons of
Marine Birds

Finer Scale (Agents)

Annually varying, but stable
populations of over-wintering
marine birds. (WDFW
transect count numbers)

Costs v. benefits of
restoration activities
and protective
activities. Significance
of healthy marine
communities/
ecosystems.

Localized value of
biodiversity. Dependence
of community on healthy

marine ecosystem.
Benefits of restoration
activities to community
values and happiness.

1 Some of the implications of the processes listed here, and interconnectivity of the processes can be

visualized in the threshold matrix located in appendix C.
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The focal area for the study is the portion of the Salish Sea that is in Washington State, USA.
However, effects on the health of marine bird populations extend beyond that scale, and
are impacted by influences both from above the focal scale (Pacific Flyway migratory
route) and from the finer scales (Sub-basin or smaller regions within the Salish Sea). In fact
it may be easier to determine finer scale impacts than impacts within the focal region (Fig.
1.2). Never-the-less, the index of abundance trends that will be looked at in this study are
focused on the Washington portion of the Salish Sea, which is primarily confined to Puget
Sound and the Strait of Juan de Fuca.

Having determined that marine bird abundance is an important indicator of marine health,
it is imperative to understand current trends. According to Bower (2014), a few wintering
marine bird species have experienced increases in population, but the majority of change in
bird populations in the Salish Sea has been in steady decline (Fig. 1.3). As this decline
continues, it becomes more important to better understand the ecological system in which
marine birds are included and what impacts are causing the decline. Current declines have
been linked to decrease in forage fish populations, declines in eel grass bed area and
quality as forage fish habitat, and derelict fishing gear, as well as changes in wintering
locations (Bayard 2014, Therriault et. al. 2009, Plummer et. al. 2013, Good et. al. 2009,
Wilson et. al. 2013).

Figure 1.3 Percent changes in mean abundance among feeding guilds for 35 common overwintering
marine birds in the Salish Sea between 1978/79 and 2003-2005 (Essington etal. 2012)
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Geospatial analyses can be key tools in analyzing the index of abundance measures from
the, long time-series, aerial transect data collected by WDFW. ESRI ArcGIS (10.2) tools,
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such as hot spot analysis using the Getis-Ord Gi* Statistic, define spatial relationships of
high and low count values to determine areas that can then be used in analyzing the
proximity of birds to potential impacts. Nothing more than cursory, exploratory regression
analysis was completed in this project in an attempt to isolate potential impacts. However,
techniques and methods have been laid out to analyze marine bird population hotspots by
species, by guild, and by species richness.

The efforts of this study are primarily focused on method development and
recommendations for future GIS implementation when working specifically with aerial
transect data. Using the described geospatial analysis and data manipulation techniques
will lead to data output that can be used to determine spatial relationships with potential
impacts.
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2 Design and Methods

WDFW aerial transects from the Puget Sound Ambient Monitoring Program (PSAMP), were
the primary data source used in all of the study analyses (Essington et. al. 2011.). These
data consisted of a file of recorded flight locations, and a file of all recorded observations
for each year of surveys. The data were compiled and manipulated for spatial analysis
using Microsoft Access, and spatial analysis was performed using ESRI ArcGIS 10.2.

WDFW and Audubon Washington were interested in looking at various impacts to marine
health and the spatial distribution of marine birds to these impacts. Though this analysis
did not look at the spatial distribution of birds in relation to impacts, the primary methods
of data processing leading up to this analysis were designed and automated for future
analyses. The main products toward this goal are tools developed to analyze hot spots of
survey counts by species or guild, and to analyze species richness values across the study
area.

2.1 Data Collection

Wintering marine bird observation data (PSAMP) provided by WDFW were the primary
data used in the following analyses. This data was collected using a single engine plane
containing two observers and a recorder which flew designated routes. The routes
consisted of shoreline transects and open water transects which were flown in a “zigzag”
pattern (Fig 2.1). The seating configuration of the plane was the pilot and data recorder in
the front two seats and an observer in each of two rear seats. Each observer surveyed a 50
meter transect, for a combined transect width of 100 meters when both observers were
active (Joe Evenson, pers. comm.).

The data were collected into two files, an observation file and a LOG file. The LOG files
record the GPS locations of the plane, along with the observer identifier and whether or not
the observer was surveying at the corresponding location, as well as other relevant data
that can be used in sightability calculations. The observation file contains four letter
species codes and count values for all birds observed. Each observation has a
corresponding location in the LOG file, but a LOG location is not limited to a single
observation. Non-avian species and some inanimate objects were recorded in the
observations data using their corresponding codes - these data were removed prior to
analysis.

The WDFW PSAMP data consisted of surveys from the years 1994 to 2014. The data were
provided as Microsoft Excel files and were restructured in order to establish a uniform
format. The files were formatted to the specifications provided by WDFW and compiled in
a Microsoft Access Database.
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Figure 2.1 2014 PSAMP monitoring flight path.

i { O
| S5 r," ‘|; ( o AY

RECEIE
/7 g b

‘ TN =St % 2
trw,deFafa d
< NWMMIWAS D 2 o N
3= QWA N,
: i \mh <)
K67 i S / ) -

* Major City
December Flight Path
~—— January Flight Path
—— Shoreline
- - - Country Boundary
~ River

. Inland Water

Scale: 1:1,000,000

T \Viles
0 5 10 20

UW GEOG 569 - GIS Workshop
Caleb Anderson & Chris Domschke
26 July 2014
Projection - UTM 10N
Datum - WGS 1984
Elevation - SRTM1 30m
Flight Data - WDFW

10|Page





2.2 Data Pre-Processing

The observation data required manipulations prior to being useable in GIS analysis of hot
spots. Due to the need to interpolate values across the entire surface of the study area to
accurately analyze off-shore data, only shoreline data was analyzed. It was infeasible to
manually separate the shoreline transect locations from the off-shore transect locations,
owing to the lack of attribute data that would designate this difference. Therefore, it was
decided to create a 300 meter shoreline buffer and to clip the data points to this buffer. In
this way most of the open-water data points were removed (though some remained), while
maintaining the majority of the shoreline data points (Fig. 2.2). Every year of data was
clipped to this buffer.

Figure 2.2 Sample area of 300 meter buffer used for clipping observations points. Only data within the
buffer were used in analyses.
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In addition to buffering all observations to within 300 meters of the shoreline, all
observations needed to be aggregated to a grid. These aggregations were not always
done in the same manner, but the grid was identical in all processes. A polygon grid of
one kilometer by one kilometer cells was created. This grid was also clipped to the 300
meter buffer. Data used in analyses were then aggregated to this grid of cells.

2.3 Single Species and Guild Analysis

Several tools (ArcToolbox Model Builder models and python scripts) were developed in
order to analyze density and hot spots for individual species, species groups, and species
richness both for individual years and multiple year blocks. These tools include:

Create Geodatabase (ArcToolbox Model Builder model)
Calculate Effort (ArcToolbox Model Builder model)
Species Analysis (ArcToolbox Model Builder model)
Species Richness (Python Scripts)

2.3.1 Creating a Geodatabase

The Create Geodatabase tool creates a file geodatabase with six feature datasets for storing
the outputs of the models (Fig. 2.3). This tool creates a geodatabase on the host machine
with all of the necessary files to complete by species and by guild hot spot analysis. By
using this tool to create a geodatabase, the other tools and scripts designed for this study
are able to locate the files needed to run, and have a container for storing outputs. This tool
requires the user to input a location in which to create the geodatabase, and to input a
unique name for the geodatabase.

Figure 2.3 Create Geodatabase Tool graphic user interface.
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2.3.2 Calculating Effort

The location of some transects vary from year to year and in order to account for that
difference and to account for variations in sightability, a count per unit effort value was
calculated. The method used for determining this value is built into the ArcToolbox
models. The user will need to know the location of the LOG and observations tables, the
location of the buffer polygon and grid polygon, the location of the output database
(created in the previous tool), and the year of data on which they would like to run the tool.

The tool, Calculate Effort, runs several processes in order to create the following from the
Log and Observation Tables (Fig. 2.4).
1. Observation Point Feature Class - displays the observation x,y data and exports it to
a new feature class.
2. Log Point Feature Class - displays the LOG x,y data and exports it to a new feature
class.
3. Transect Line Feature Class - creates a line feature class from the Log Point Feature
Class.
4. Shoreline Transect Line Feature Class - clips the Transect Line Feature Class to the
shoreline buffer of 300 meters.
5. Grid Polygon Feature Class with Transect Length Per Cell - calculates the distance of
transect from the Shoreline Transect Line Feature Class that intersects with each
grid cell in the analysis grid.

2.3.3 Aggregate Species Observations

A second tool used for determining count per unit effort, Species Analysis, associates the
count field from the observation point feature class with the output grid from the Calculate
Effort tool (Fig. 2.5). A field is added to the new grid with a value for species count per
kilometer of effort (CountPerKmEff). This field is used in both hot spot and density
analysis.

For this tool the user will need to enter the year for analysis, the study name and an
optional SQL query to designate particular species. They will also need to know the
location of the observation point feature class, the buffer polygon, the LOG grid and the
output geodatabase. Most of these files are contained in the previously created
geodatabase.

2.3.4 Multi Year Species Observations, Density and Hot Spots

The 3yr Group tool is used to compare bird observations as 3 year groups instead of one
year at a time (Fig. 2.6). This tool merges the output grid from the Species Analysis tool for
the designated years. The count per kilometer effort field is averaged over the three years
and the resulting value is used in hot spot and density analysis of multiple year blocks.
This model also runs the built-in ESRI Kernel Density and Hot Spot Hot Spot Analysis (Getis-

13|Page





Ord Gi*) tools. The resulting outputs were used to create a map set of Grebe hot spot and
density analysis (Appendix B).

For this tool the user will need to enter the study name, an output name for the multiyear
block (Year Group Name), and the years to include in the block, which should be
consecutive. The user will also need to know the location of the grid polygon feature class
and the output geodatabase.

Figure 2.4 Calculate Effort Tool, graphical user interface.
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Figure 2.5 Species Analysis Tool, graphical user interface.

r Y
&pa 03 Species Analysis I.ilﬂlﬂ

Click error and warning icons for more information

[x]
| »

03 Species Analysis

@ Year The Species Analysis tool computes
@ count per unit effort by associating the
 Study Name count field of th.e observation p_oint
feature class with the output grid from the
@ Calculate Effort tool. A field is added to
Spedies Query {optional) the new grid with a species count per km |

I | effort (CountPerkKmEff). This field is used
in bath hot spot and density analysis.

% Observation Points
Tool Input:
% Buffer Polygon A — Observation Point Feature Class
output from Calculate Efforttool =
B — Species Query for identifying a
single species or group of species
C — Log Grid Polygon Feature Class
output from Caloulate Efforttool

% Log Grid

& Qutput Geodatabase

0 & B @

Tool Cutput:

D — Grid Polygon Feature Class with
Count Per Unit Effort field

A

4

[ O ] [ Cancel ] lEnvironments... ] [ << Hide Help l l Tool Help l

15|Page





Figure 2.6 3 yr Group Tool, graphical user interface.
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2.4 Species Richness Analysis

The final tool created for marine wintering bird shoreline analysis is a Python script that
analyzes species richness, by three year groupings. This tool requires the user to add all
“SpeciesRichness” tables from the corresponding Access Database to a map document, and
the user must enter the workspace and the map document locations in the tool. The tool
will then export Species Richness feature classes for all tables in the map document.

2.5 Hot Spot Analysis

One of the primary goals of the project was to create a hotspot analyses by species, by
species groups, and by species richness. When conducting hot spot analysis using the ESRI
Hot Spot Analysis (Getis-Ord Gi*) tool, there are key options for determining the spatial
conceptualization, distance method, and distance band (Fig. 2.8). These parameters all
influence the neighborhood of analysis for each grid cell in the model. Defining these
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parameters should be entirely based on biologically relevant values determined for the
specific input species or guild. The parameters used in this design were inverse distance
conceptualization of spatial relationships, Euclidean distance method, and a one kilometer
distance band. Again, these parameters should be set based on best available knowledge of
the habits and home ranges of the subjects.

When looking at “hot spots” for species richness, the built-in tools were not able to handle
the complexity of the type of analysis that was required. Instead all zero-value cells were
removed from analysis as the data is, by nature, zero-inflated (Fig. 2.7) - this included any
cells that had zero survey effort in any of the years included in the three year block
(Agarwal et. al. 2001, Matt Johnson, pers. comm.). Since zeros were removed, cold spots
were not analyzed. Hot spots were then defined as cells with values higher than the upper
limit of a 95% confidence interval.

Figure 2.7 Frequency distribution graphic from ArcMap showing large numbers of zeros in the data for
species richness values (zero-inflated data). Approximately 20% of the values are zeros. Note the
missing data around 11 is an artifact of the display, not a real hole.
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Figure 2.8 ESRI Hot Spot Analysis Tool, graphical user interface.
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3 Results

There are four main results from this study: a Microsoft Access database containing all
years of PSAMP data, an ESRI File Geodatabase and toolbox containing the results of the
survey effort scripts for use in future analysis, a methodology for analyzing hot spots for
the PSAMP aerial transect data, and an analysis of the current trends in species richness.

Prior to any additional developments a Microsoft Access database had to be developed to
contain the data. The Access database allows for data manipulations using SQL, outside of
the ESRI ArcGIS environment. This is an especially important characteristic for analyzing
species richness data. The Access database allows the user to determine unique instances
of data combinations, simplifying the species richness analysis. The Access database
contains all of the original WDFW aerial transect LOG and observation data files, as well as
species richness tables for all years, and for all three year groupings for species richness.
Also included in the database are queries that can be modified to create new combinations
of species richness tables, as well as those used to remove extraneous data prior to
processing.

Figure 3.1 displays the geodatabase schema created by running the tools for extracting data
from the LOG and observation Microsoft Access database tables into a file geodatabase and
downloading data from various sources for the map background?2. The geodatabase was
completed and populated to serve as an initial dataset for future analyses. All of the effort
feature classes and map base layers are contained in the geodatabase. The geodatabase
also serves as a container for future analysis feature datasets and classes. Each run of the
Species Richness script will output all feature classes to this database by default.

The toolbox within the geodatabase contains all of the tools necessary to analyze hot spots
by species or by guild. These tools run through the processes to get from input datasets to
hot spot analysis feature classes, and can also create density analyses. The Species
Richness tool will create a feature class of species richness values for the input grid. The
user can then examine the distribution of the data by displaying symbology that represents
the appropriate section of the distribution. Step by step instructions on tool and script
usage are available, but have not been included in this report2. Map outputs for these tools
can be viewed in Appendix B.

A tabular comparison of yearly survey effort can be found in Table 3.1. It was produced
with the Calculate Effort tool used to analyze each year of flight log data and displays the
variation in the distance flown across years.

2 Contact Chris Domschke at cdomsch@uw.edu or Caleb Anderson at caleband@uw.edu.
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Figure 3.1 The Geodatabase schema, including all contained feature classes.
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Table 3.1 This table displays the varying distances of total flight length, shoreline buffered flight length,
and percentage of average shoreline effort (Shoreline Percentage of Effort). The total distance remains
fairly stable, but does show variations up to almost 20%.

Year Total "On Shoreline "On Shoreline
Effort" Flight Effort” Flight Percentage of
Length Length Effort
1994 6,410 3,292 102.03%
1995 6,827 3,395 105.22%
1996 6,545 3,355 103.98%
1997 6,591 3,540 109.71%
1998 6,666 3,845 119.16%
1999 6,410 3,053 94.62%
2000 6,288 3,200 99.18%
2001 6,254 3,078 95.39%
2002 6,495 3,257 100.94%
2003 7,039 3,320 102.89%
2004 6,532 3,152 97.69%
2005 7,070 3,233 100.20%
2006 7,515 3,150 97.63%
2007 3,970 2,822 87.46%
2008 6,571 3,160 97.94%
2009 7,208 3,148 97.56%
2010 6,784 3,118 96.63%
2011 6,746 3,115 96.54%
2012 6,797 3,192 98.93%
2013 6,764 3,167 98.15%
2014 6,763 3,167 98.15%
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Species richness was compared across rolling three year blocks beginning with years 1994-
1996 and ending with the year 2014. To arrive at this data species richness was first
summed across all three years in each cell of the analysis grid. The average of these
summed values is displayed in Figure 3.2 along with the standard deviation, and a trend
line for visual effect.

Figure 3.2 Mean and standard deviation of the three year summed species richness values for all
shoreline data. Year displayed is the last year of the three year block.
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4 Discussion

Three types of analytical methods were examined for looking at marine bird
concentrations. From the simplest methodology to the most complex they were, species
density analysis, species hot spot analysis and species richness distribution analysis. Each
analysis has its positives and negatives.

Prior to delving into the pros and cons of the methodologies it is important to note that a
number of tools were created to help in the data processing for the analyses. These tools
have the ability to accept different grid scales and multiple years of data. The reasons for
creating these models and tools was to be able to pass them along to other GIS users,
streamline the process in order to reduce the chance of human error, and to save time.
Because there are currently 21 years of wintering bird observation data for the Salish Sea,
running each process without model or script automation would not have been possible
given the timeline for the project. However, despite their utility the tools are not entirely
without flaw.
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The model and script creation process was time consuming as well, but mostly because of
bug related issues having to do with the use of ESRI tools in their model builder. Upon
researching several problems with the use of tools in the model, it was discovered that it
was a bug that currently had no other solution than a work-around. In some cases, a one
step process became a four step process in order to achieve the same result. Currently, the
3yr Group tool has a persistent bug where between 5 and 55 random cells will not be
included in the final analysis steps because of null values. These null values are generated
during the calculation that averages the count per effort over the three years
(([CountPerKmEff]+ [CountPerKmEff 1]+ [CountPerKmEff_12])/ [Year_Count]). The fact
that the cells are random each time the tool runs is an indication that the problem is not the
input but the process. This issue will require further trouble shooting and possible tool
restructuring. Although some cells were left out of the analysis in this manner, they did not
contain values and were fewer than one percent of total cells, so their loss should not affect
the outcome of the following analysis methods.

Density analysis is a fairly simple design. The kernel density tool is used in ArcMap to
create maps that represent high density numbers of individuals across the survey. These
maps provide no statistical significance, but they do accurately display the spatial
distribution of individuals of a species for the survey years being analyzed. The visual
representations of these maps allow the user to observer large population movements or
changes over a time series (Appendix B). The map series included in the appendix clearly
shows the decrease in total abundance across the survey area and the relative decreases in
abundance at many locations. To reiterate, this analysis is a good way to visualize changes
in abundance and location of populations over time, but does not provide any statistical
significance in regards to hot spot locations.

Progressing in complexity, hot spot analysis for species or guilds does produce a map of
statistically significant hot spots. These are high value cells that are surrounded by other
cells of high value. The Getis-Ord Gi* statistic is used in the analysis of hot spots (Mitchell
2009). This statistical method weights the values of the analysis cell based on the
neighboring cell values. The major benefit of using this method of analysis is that it
produces statistically significant results. However, there are complications with this
methodology since a neighborhood must be defined for the purposes of this analysis. In
cases working with biological systems, such as this one, the neighborhood should be
biologically relevant. That is to say, the neighborhood should be such that it represents the
natural history of the species or guild being analyzed. For instance, if the species in
question has a large home range, or moves large distances in a given timeframe then the
neighborhood would be fairly large, whereas if the species in question stays fairly localized
or a specific temporal distribution is being analyzed the neighborhood would be
correspondingly small. The second complication, in hot spot analysis, is directly related to
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the neighborhood problem. It is the selection of a distance concept for the weights given to
values in the neighborhood. There are three primary options that could apply to marine
bird systems. First, the inverse distance relationship whereby cells more distant from the
analysis cell have decreasing weight in the hot spot calculation. Second, the inverse
distance squared conceptualization in which more distance cell weights will decrease in an
exponential fashion rather than a linear fashion thus decreasing their importance to the
analysis cell. Lastly, the fixed distance band conceptualization in which all cells within the
neighborhood are given the same weight and contribute equally to the analysis cell value.
As with the neighborhood, the distance conceptualization should be biologically relevant to
the system at question.

The data being used in the analyses in this study should be considered instantaneous
measures of abundance, or indices of abundance based on transect data. One of the
assumptions of transect data is that there are no double counts. The data used in this study
may violate this assumption in some cases due to the nature of the shoreline buffer clipped
transect data, but when the data is interpolated across the entire surface this assumption
should hold. In the case of current analyses there should not be enough double counted
data to significantly violate the assumption, but future adjustments should be considered.
The benefit of having annually collected transect data is that it enables establishment of an
index of abundance for analyzing trends in the population data. In this case, since all of the
input data was clipped to the same buffer, i.e. handled in the same fashion, the index of
abundance can be analyzed without large concerns. Fortunately, these concerns are
primarily confined to the analysis of species hot spots. The quantities of individuals in the
density analysis should make small numbers of double counts insignificant. That is not to
say that the next method for discussion, species richness distribution analysis, does not
have complications; however since only one instance of a species is required to be included
in species richness analysis double counts should be inconsequential.

In species richness distribution analysis, a confidence interval for the distribution of
species richness values is the primary means of analysis. Species richness is the number of
species present in a given area; in the case of this analysis that area is a grid cell one square
kilometer in size. Species richness can be computed for a single year of data or a multiple
year block of data. Processing for a single year of data is relatively simple, requiring
aggregation of species observations to a cell and then listing of the species present within
that cell. When looking at multiple year blocks of data, all years of observations within the
block must be aggregated to the cell level prior to species richness values being calculated.
If multiple year block values were calculated as averages of species richness across the
years then it is possible that species could be lost in the analysis. For instance if three
species are found in a cell each of two years that does not mean that they are the same
three species each year - the true species richness in that two year block could be between
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three and six unique species. The same logic can be extended to as many years as are in the
multiple year block. In the current analysis, blocks of three years were examined.

The same logic as noted above also makes hot spot analysis on species richness values
inappropriate. In the previous case, species may not have been the same between years in
the multiple year blocks. In the case of hot spots, species may not be the same between
cells, even if the values of neighboring cells are equivalent. For instance in a neighborhood
of nine cells (the analysis cell and its eight neighbors) the species richness for every cell
may be three, however without knowing which species are present in the neighborhood all
that can be said is the species richness for that neighborhood is between three and (3
species* 9 cells) 27. For a hot spot analysis to be undertaken on species richness values, a
fixed distance neighborhood would be required and the value of each neighborhood would
have to be calculated separately from the built-in ArcGIS tool. Itis possible to examine
species richness hot spots in this manner, but it is beyond the scope of this study.

A further complication when looking at species richness data is the problem of zero-
inflated data. For an explanation of how zero values were handled in this data, see the
Methods section of this paper. Suffice it to say that for the purposes of this analysis all cells
with zero effort in any year, or zero species, richness are removed from analysis. The
removal of the zeros in this fashion make analysis of cold spots impractical. However, the
zeros had to be removed in this fashion to avoid negatively biasing the mean of the species
richness observation data, and to allow for analysis of the distribution of species richness
values (Matt Johnson, pers. comm.). In future analyses the data should be adjusted for
zero-inflation, possibly using the methods of Agarwal et. al. (2001).

Despite these complications, examining the location of cells with species richness in excess
of two standard deviations from the mean, i.e. the values which can be said to be above the
mean with more than 95% certainty is a valuable exercise for determining areas of high
concentrations of species. Understanding the locations of these areas of high biodiversity
can be important in land management actions (Luoto et. al. 2004). Areas with high
biodiversity can also indicate highly diverse and/or productive sections of the ecosystem
valuable for protection and ecosystem services.

For future development, it has been suggested by Luoto et. al. that biodiversity needs to be
measured on a finer scale than many national bird species datasets that look at 10
kilometer by 10 kilometer cell size areas (2004). However, Audubon in conjunction with
the Farallon Institute for Advanced Ecosystem Research and the Canadian Wildlife Services
are analyzing potential marine important bird areas using this scale. Their current large
scale marine bird population studies in California are using 10 kilometer square grid cells
and a 30 kilometer neighborhood distance band hot spot analysis in an attempt to identify
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Marine Important Bird Areas(Sydeman et. al. 2013). However, due to the differences in
project scale and scope, a direct comparison of techniques is impractical. Among other
issues, there are many islands and bays in the Puget Sound. Some of these islands have
different kinds of habitats and bird populations on different sides and a hot spot
neighborhood that is too large will include the entire island in the calculation. Opposing
shores of a bay can also have different habitats and bird populations. A hot spot
neighborhood that is too large will include areas that do not reflect the true nature of the
cells that do have a statistical significance over 95%. Despite arguments to the contrary,
analyzing species abundance at this scale may be more appropriate for management
actions, particularly on a state or national scale. That said, a finer scale analysis could be
useful for a more localized scope, but it is necessary to keep in mind that as the scale
decreases, the quantity and quality of survey data or model data must increase or there
can, and most likely will, be a mismatch in scale. It is imperative that the scale of analysis
be at a scale useful to the management goals of those undertaking the analysis. This will
require some tradeoffs between relative costs and benefits of survey effort and analysis
power.

5 Business Case for Implementation and Development

The initial project statement for this study was to analyze the proximity of marine bird
concentrations (hot spots) to potential impacts - a simple set of goals that requires a
complex suite of processes. In this study the dataset was predefined as the WDFW aerial
transect data from the PSAMP project. These are annually collected observation data from
aerial transects. After determining the context and format of the data it was decided that a
Microsoft Access3 database would be the most efficient tool available for data management.
While compiling the data in the database, a conceptual foundation was laid for creation of a
hot spot type analysis that could be used in future impact analyses. The decision was made
to pursue hot spot analyses for individual species and guilds, and for species richness. The
built-in tool “Hot Spot Analysis” was the chosen method for individual species hot spot
analysis. During this phase hot spot analysis was considered for species richness analysis,
though it was later determined that probability distributions would be a more appropriate
approach.

While conceptualizing methods, a geodatabase schema was designed as a container for the
background datasets and the analysis datasets to be used in the analytical process. This
geodatabase was built, and data acquired to populate it included base layer feature classes.
Empty feature classes were built into the schema to accommodate analysis layers and
outputs. Data from the database was preprocessed for compatibility and then imported to
the geodatabase.

3 The authors did not have access to more complex DBMS systems, though other systems such as Oracle could
make interactions with ArcGIS more manageable.
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After creation of the geodatabase and database, analytical methods were explored, as proof
of concept, to determine their applicability in answering the project statement. As
mentioned, appropriate methods were determined for two primary types of analysis. Tools
were created to automate the processes of data manipulation and analysis. Compiled tools
output hot spot analyses for individual species and/or guilds, as well as density analyses
for the same groupings. Both products allow the user to better understand the distribution
of species counts across space and time. A script was compiled to automate the species
richness analysis. It too is a proof of concept that requires considerable user input to
create viable products other than those already created and contained in the geodatabase.

All of the products created for this study - the Access database, the ESRI geodatabase, and
the proof of concept tools and analyses - will help the user to further the goals defined by
the project statement. The tools and scripts can be modified by users with mid-level
knowledge of ArcGIS and Python to develop future products along the current study design
path.

Future development depends on the primary method of describing the system that is
decided upon by the user. The choice needs to be made to pursue individual species and
guild representations of marine health, or species richness representations. The former is
less time consuming, while the latter may serve as a better indicator to environmental
health and utility. In either case, to answer the project goals, regression analyses based on
proximity of marine birds to impacts will be the next step in the larger progression. The
results of this analysis will help define the locations to be considered healthy or unhealthy
and which locations potentially require management actions.

Whichever path is chosen, data will need to be collected on impacts, and will need to be
analyzed for compatibility with distance analyses. The primary requirement for the new
datasets will be the ability to determine distance from species locations to the impact
location. Additional requirements include scale of the data; small scale data can usually be
combined to cover larger areas, but large scale data cannot generally be divided to facilitate
analysis. Also, the measurement regime for the impacts needs to be on a useful gradient for
analysis. If individual species or guild analysis is the chosen method, then analysis of
impacts can begin immediately after impacts data collection. The suggested method for
this analysis is geographically weighted regression analysis between bird hot spots and
impact areas*. There are caveats to considering this type of regression analysis: first, it is
not useful if there is no regionality in the relationship, second, this is still a form of linear
regression and therefore assumes a normal distribution of data, and in the case of this
analysis it would assume that site selections is linearly related to distance from impact
location. If these caveats do not hold for the data other non-parametric analyses should be
considered.

Should the decision be made to pursue species richness analysis, the next step would be to
interpolate the PSAMP data across the entire surface of the study area yielding species

4 For more information on this type of analysis consult The Esri Guide to GIS Analysis Volume 2: Spatial
Measurements and Statistics by Andy Mitchell, p.218.

27|Page





richness values for each grid cell. The grid cell size should be defined to approximate
management area objectives®. For instance, if management is on a 5 square kilometer
scale, then this should be the size of the grid cells. The interpolated values would then need
to be corrected for zero-inflation (Agarwal et. al. 2002). At this point the distribution of
the values can be examined for the desired confidence values, and with the desired
probability distribution - if non-parametric. High value cells from this surface can then be
used in regression analyses against distance from potential impacts.

After this point, the areas suggested as high impacts by the regression analyses should be
examined on the ground and referred to agency personnel for management actions if
appropriate. Figure 5.1 shows the probable workflow and estimated timeframe to
accomplish all processes listed above. Time needed should be considered as forty hour
work weeks.

5 For more alternative methodology not presented due to its complexity and proof of concept nature contact
Chris Domschke at cdomsch@uw.edu or Caleb Anderson at caleband@uw.edu.
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Figure 5.1: Workflow diagram describing personnel, timeline and task that have been accomplished and need to

be accomplish to meet the goals of the project statement.
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7 Appendices

7.1 Appendix A: Model Builder Tool Diagrams

Figure 7.1 Create Geodatabase Tool, Model Builder model view. This figures shows the Model Builder design of
the create geodatabase tool, use to create a stock geodatabase for future analyses and tools.
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Figure 7.2 Calculate Effort Tool, Model Builder model view. This figure shows the Model Builder design of the
calculate effort tool, used to calculate the amount of survey effort per cell in the analysis.
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Figure 7.3 Species Analysis Tool, Model Builder model view. This figure shows the Model Builder design of the
species analysis tool, used to combine count values per unit effort across the analysis grid.
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Figure 7.4 3 yr Group Tool, Model Builder model view. This figure shows the Model Builder diagram for the tool
3 yr group which is used in analyzing multiple year groupings for counts by species or by guild. The outputis a
polygon feature class of counts per unit effort for the species across the 3 year range.
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7.2 Appendix B: Density and Hot Spot maps for all Grebe species in 3 year
blocks.
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Wintering Marine Bird Density Analysis - Grebes
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Wintering Marine Bird Density Analysis - Grebes
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Wintering Marine Bird Density Analysis - Grebes
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Wintering Marine Bird Density Analysis - Grebes
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Wintering Marine Bird Density Analysis - Grebes
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Wintering Marine Bird Hot Spot Analysis - Grebes
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Wintering Marine Bird Hot Spot Analysis - Grebes
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Wintering Marine Bird Hot Spot Analysis - Grebes
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Wintering Marine Bird Hot Spot Analysis - Grebes
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Wintering Marine Bird Hot Spot Analysis - Grebes
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Wintering Marine Bird Hot Spot Analysis - Grebes
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Wintering Marine Bird Hot Spot Analysis - Grebes
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7.3 Appendix C: Thresholds Matrix showing some of the interconnected
processes and states that can lead to or detract from a stable population

of marine birds in the Salish Sea.
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Recommended Course of Action

The goal of this report is to provide The Nature Conservancy of Washington an analysis
of models that can be used to identify agricultural working lands that contribute to bacterial
pollution loading and negatively impact water quality for salmon and shellfish in the Puget
Sound Ecoregion. To answer this question five models were compared and contrasted, with one
model selected. The selected model was then applied to one watershed within the Puget Sound
Ecoregion to create a best practices format for running the model and how to apply it to the
other watersheds. The results of the model were also analyzed to determine the general
effectiveness of the model.

The final recommendation of this report is that the ArcSWAT - Soil Water Retention Tool
- model be used for analysis throughout the Puget Sound Ecoregion. Due to the complexity of
inputs needed to accurately operate ArcSWAT this report also recommends additional research
be done, specifically looking at current grazing practices (hnumber of days per year animals are
present on pasture land) and manure fertilizer applications (amount of fertilizer applied and how
often). This data is needed to accurately create predictive models within the region and effective
answers about the role potential best management practices have on bacteria loading in the
watershed.
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Introduction

Non-point source pollution poses a significant threat to water quality in the United States
and agricultural lands have been pinpointed as one of the main causes of problems in lakes and
rivers (Sommerlot, Nejadhashemi, and Wozniki, 2013). Non-point source pollution can be
reduced by implementing best management practices (BMPs). BMPs are useful because they
assist in meeting water quality criteria without disturbing environmental quality. Though useful
and beneficial, the results of implementing BMPs is difficult because the pollution extends far
beyond the source. Pollution extent is very much related to climatic events as well as site
specific conditions such as topography, soils, and landuse (Lee et.al, 2009).

The Greater Puget Trough Ecoregion (the region comprised of the Puget Sound and
surrounding drainages) is a complex and varied environment containing major metropolitan
areas as well as extensive parks and wilderness areas. The area is also home to many
interrelated landuses, some which benefit each other and some that conflict with each other
(LandScope Washington, 2014). This report focuses on the conflicts between the harvested
aquatic and farmed terrestrial systems in which many people in the region are dependent on for
both food and livelihood (Table 1).

In this report The Nature Conservancy (TNC) of Washington is a “conservation
organization with a stated mission of “to conserve the lands and waters on which all life
depends” (The Nature Conservancy, 2014) - has partnered with the University of Washington
Master of GIS program to look at specific social-ecological issues surrounding the impacts of
runoff from agricultural lands on wild salmon stocks and shellfish beds throughout the Greater
Puget Trough Ecoregion. The intersection of these two subjects is of interest because of the
conflicts produced between agricultural lands, humans and shellfish beds. In 2014
approximately 19% of shellfish beds in Washington State were closed due to some form of fecal
bacteria - with livestock contributing a significant portion to the total impacts (Puget Sound
Partnership, 2014). TNC proposed the question this report addresses: Is(are) there a model(s)
that can be used to identify agricultural working lands where best management practices
(BMPs) could reduce pollution loading (specifically bacteria) to improve water quality for salmon
and shellfish in the Puget Sound (Jamie Robertson pers. Comm.) (Figure 1).

Addressing this question was broken into two components:

1. Researching and analyzing models to determine which are best suited for answering the
specific questions of interest.

2. Applying the model to a specific watershed - with the time available the decision was
made to not analyze the entire Puget Sound ecoregion and instead focus on one
watershed - to determine how the model works, develop best practices for the model
inputs, and perform a sensitivity analysis on the model outputs.
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Table 1 - Social Ecological Systems Table

Scales Biophysical Economic Social
Puget Sound total suspended Salmon harvests have been Recreational, financial and
sediment is 75% of the total of the on the decline due to cultural (i.e. tribes) impacts
Columbia River and sediments can | pollutants impacting across region. This also plays
carry many pathogens:L reproductive rates’ a role in regional politics,
Puget Trough regional tourism and
Ecoregion recreation, tribe/non-tribe
conflict, and impacts to
standard of living across
region
County governments and water BMP - Cost share incentives | Communicate with local
conservation districts will have to for agricultural practices 3 farmers about their current
collaborate with TNC in order to Potential financial hardships | practices and educate them
County . . . .
most effectively implement any of overburdening farmers on how to better their
Gover'nment BMP suggestions made for the with BMPs. BMPs must practices. Monitor, test and
agerll\ICCISeOS and | \yRIAs where the suggestions are | allow for sustainable/local regulate, and enforce water
made.

Stakeholders

working lands.

quality may cause friction
socially.

Focal Scale
Watershed:

WRIA 1 -
Nooksack

WRIA 3 - Lower
Skagit-Samish

Contaminants from upstream enter
Puget Sound and contaminate
shellfish habitats Skagit River
one of the highest contributors of
phosphorus, nitrogen and
suspended sediment in all of Puget
Sound. *

Storm events increase fecal
coliform loads into the system.

Shellfish beds in Puget
Sound have been closed to
harvest due to bacterial
contamination possibly due
to high fecal coliform
pollutants °

Recreational, financial and
cultural (i.e. tribes) impacts in
watershed. This also plays a
role in local politics, tourism
and recreation, tribe/non-tribe
conflict, and impacts to
standard of living.

Farm Level

Dairy farms can create surface
runoff of sediment, nutrients and
bacteria Pollution loads are
influenced by type of farm activity,
soil type, slope, farm size and
proximity to streams °

Outreach of Education
BMP's’

Dairy farms have required
plans in place to manage
manure in order to protect
water quality and apply
vegetative practices, such as
riparian plantings and buffer
maintenance.®

1 UsGS. 2007. “Nutrient and Suspended-Sediment Transport and Trends in the Columbia River and Puget Sound
Basins 1993-2000" Scientific Investigations Report. p 37.
2 Landahl, J. T., Johnson, L. L., Stein , J.E.Collier, T.K., and U. Varanasi. 1997. “Approaches for determining effects of
pollution on fish populations of Puget Sound.” Transactions of the American Fisheries Society. 126:3, 519-535.

% Whatcom County Conservation District. 2014. http://www.whatcomcd.org/

4 USGS p 42.

° Picket, P.D. 1997. “Lower Skagit River Total Maiximum Daily Load Water Quality Study.” Department of Ecology.

Publication 97-326a.

® Environmental Protection Agency. “Washington: South Fork Skagit River” Water: Nonpoint Source Success
Stories.http://water.ep.gov/nps/success319/wa-skagit/cfm.

" Ibid
8 Ibid
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Design and Methods

Preanalysis

An initial meeting with The Nature Conservancy gave a starting point for this project
suggesting three models of interest: INVEST, OpenNSPECT, and SPARROW. They also
confirmed there was flexibility in choosing a relevant model for the project and were open to
other model suggestions. Analysis on the three suggested models was started and that
research turned up two other models, ArcSWAT and SUSTAIN, for a total of five models. The
five models were analyzed, based on model criteria provided by the Nature Conservancy as
well as suggestions from the project team. These criteria are as follows:

1. Ease of use/User experience

2. Simplicity of running of the model

Data Availability (Is required data available in the other WRIAs where the model will be
run?)

Processing needed to obtain usable data

Customizable at different scales

Answers the TNC questions asked

Graphic output

Level/Number of Simplifying Assumptions

Cost

10. Deals with pathogen data directly or requires manipulation of sediment data

w

©® N OA

In addition to these criteria the models were analyzed using a model comparison table
that includes a model description, data requirements, model outputs, and a brief description of
how the model applies to the project (Appendix A).

OpenNSPECT

The Nonpoint Source Pollution and Erosion Comparison Tool (NSPECT) is a model that
ties together landuse and pollutants by modeling the impacts landuse changes have on
pollutant concentrations. The model is broken into four components, three support models
(runoff estimation, pollutant concentration, and sediment concentration) that build data sets for
the final assessment and reporting model. The runoff estimation and pollutant concentration
models make use of landuse data that are already built into the model and should be capable of
representing any impacts on pollutant concentrations when BMPs are altered. However, the
default acceptable coded landuses the model recognizes are not representative of what TNC is
looking for. This means a key component for making this model relevant would be calculating
pollution coefficients for any landuse type not included in the defaults, as well as calculating
another coefficient for that landuse when any BMP is applied to it in the model. These
calculations are needed so the model can produce an accurate accounting of the runoff. Without
proper pollution coefficients - along with the appropriate runoff values shown by the Soil
Conservation Science (SCS) curve numbers and the Revised Universal Soil Loss Equation
(RUSLE) values - the model will not produce results that will hold any certainty in their values.
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Also of note, OpenNSPECT does not run through ArcGIS, it uses MapWindow GIS to run all
operations (NOAA Coastal Services Center, 2014).

SPARROW

The Spatially Referenced Regression On Watershed (SPARROW) model developed by
the United States Geological Society (USGS) uses regression modeling to identify relationships
between water quality records and pollutant sources. The regression modeling provides
estimates of pollutant contributions based on statistical analysis of watershed sources and
transporting properties and monitoring stations records. It then uses a process-based approach
to account for pollutant loading modeling transport from surface water to stream network and
then stream network to a final waterway. The program has been used to analyze nutrient
loading from national scales to single watersheds and can be used to account for bacterial
loading if long term continuous monitoring data is available. It then runs statistical analyses for
surface water and stream transport impacts for both large and small scales. These analyses are
performed on individual segments within a stream network (USGS, 2011).

Limitations of this model are the availability of long term consistent data within the
Washington State watersheds which could cause uncertainty and inaccuracy of load estimates.
Another limitation of the model is the absence of sufficient load coefficient data by landuse type
to the detail requested by the Nature Conservancy for this study. This model is also not scenario
based, it relies on statistical calculations and not the physical aspect of the landscape. Finally, it
doesn’t involve any GIS in its general process or results and requires coding to produce a
spatial aspect (USGS, 2011).

SUSTAIN

The SUSTAIN (System for Urban Stormwater Treatment and Analysis Integration Model)
model was created by the Environmental Protection Agency (EPA) and is composed of different
modules: framework manager, BMP siting tool, land module, BMP module, conveyance module,
optimization module, and post-processor. The SUSTAIN model was designed to provide an
“objective analysis of management alternatives among multiple interacting and competing
factors.” (Lai et al, 2007) All of the modules are designed to work with ArcGIS,as well as work
together but do not necessarily build to one final output (Shoemaker, 2011).

The most interesting aspect of the SUSTAIN model is the ability allow the user to specify
the exact locations of BMP plans. The model analysis produces outputs with information about
the expected impacts and costs from the implementation of BMP’s defined in the model
parameters which may be able to assist in analyzing what BMP practices make the most sense
and where. This could make it possible to create targeted BMP recommendations for given
parcels (or perhaps a given landuse) instead of analyzing broad based changes for all landuse
types (Shoemaker, 2011).





Similar to other models, SUSTAIN is not specifically programmed to handle pathogens,
so sedimentation would need to be used to evaluate this important concern of the Nature
Conservancy. Also, pollution coefficients are needed to represent changes for a given BMP and
would need to be located, calculated and applied for the SUSTAIN model to accurately produce
results to represent the impacts proposed changes may have. Another major concern is
whether or not SUSTAIN, a model designed for the urban environment, will work for the
agrarian environments of this project. One area this limitation appears is the BMPs the model
can work with are tailored to the urban environment. For example, there is no listed option to
include riparian buffers and utilizing conservation tillage on fields, two common agrarian BMPs
(Shoemaker, 2011).

INVEST

The INVEST model was created by the Nature Capital Project and is a set of models that
can be used, individually or in combination, to simulate various ecological systems. Sample data
is provided in the model, but individualized data sets can be introduced into the model to
customize the simulation. Overall the InVest models seem simple to run and data seems like it
would be easy to acquire since the models provide data sources in the appendices. However,
these models, both individually and as a group, do not address the main concern of The Nature
Conservancy - the concentration of bacteria being loaded into the rivers. In addition, many of
the models pertaining to rivers indicate they are only accurate at the sub-watershed level, and
seem like they cannot be customized to represent different scales in a simple way. However, it
may be possible to change them using Python scripting. Some models, such as the
sedimentation model and the water yield model may be interesting additions to analyze
alongside a larger model, since the maps they produce provide a quick and simple look into
sedimentation and water yield (Natural Capital Project, 2014).

ArcSWAT

The Soil Water Retention Tool (SWAT) developed jointly by the United States
Department of Agriculture (USDA) and Texas A&M Agrilife Research is a comprehensive model
that encompasses many tools pertaining to water and landuse quality. Including but not limited
to, contaminant retention in various soils, various aspects of hydrology such as surface runoff,
groundwater and soil water, erosion and sedimentation including transport of contaminants,
water routing and channelization, and the impacts of impoundments such as ponds, potholes,
and reservoirs. There is also significant official documentation for this model (three separate
documents) as well as significant published literature using ArcSWAT (Arnold et al., 2012,
Neitsch et al., 2009, and Winchell et al, 2013).

ArcSWAT is contained in one model and can be run at three levels, watershed, sub-
watershed, and hydrologic resource units (HRUs). HRUs are specified by the landuse, soil, and
slope that is most common in that area. One of the attractive features of ArcSWAT is it analyzes
pathogens as well as pesticides and nutrients. The model simulates the transport of bacteria,
nutrients and pesticides from land areas to water bodies, analyzing the different aspects of the
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hydrologic cycle, river flow rate, velocity, and sedimentation, taking into account impoundments
such as ponds, reservoirs, wetlands, depressions and potholes. This model is extensive in what
outputs it can provide, but the documentation directly states it can be customized to fit the user’s
needs (Arnold et al., 2012, Neitsch et al., 2009, and Winchell et al, 2013).

Model Recommendation

Of the five models reviewed (OpenNSPECT, Sparrow, SUSTAIN, InVEST, and
ArcSWAT) our final recommendation for the model of best fit is the ArcSWAT model. The
primary reasons this selection was made is ArcSWAT is the only model reviewed with the ability
to directly deal with bacteria and not use another measurement (such as sediment) as a proxy.
It also focuses on agricultural lands as a primary landuse, and can model different agricultural
practices, for example type of fertilizer applications and harvesting method. In addition
ArcSWAT models sedimentation, river velocity, and has the capability of modeling the effects of
channelization to rivers; all topics of interest to TNC. Other outstanding features of ArcSWAT
includes the capability of running the model to different levels of complexity, both scale and
amount of information used. Another attractive aspect to this model is the primary output tables
can be linked to spatial data created by the model. The tables can also be represented well in
charts, tables and graphs, providing a variety of means to represent the data. In conclusion, this
model not only seems to provide everything TNC is looking for, it also provides many
opportunities to expand the potential scope of the project in the future.

ArcSWAT Model Methodology

Instead of trying to spread our analysis across the entire Puget Sound we instead
focused our analysis efforts on one watershed (Map 1). The watershed we chose to analyze
was the Nooksack watershed, residing in Washington Resource Inventory Area 1 (WRIA 1),
extending east to west between the Cascade Mountain Range and the Puget Sound. Urban,
rural and agricultural land uses provide a mix of activities feeding into the stream network. The
main waterway in WRIA 1 is the Nooksack River, 75 miles long meandering through the entire
watershed and provides drinking water to the City of Bellingham along with other smaller cities
in the area (Department of Ecology, 2014).
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Map 1 - Sustainable Systems Map - North Puget Sound Watersheds

Urban and Agricultural Areas

Urban and Agricultural Land Distribution

This map represents the different
distributions of agricultural and urban
lands throughout WRIA 1.

Created by: Shawn Friang,
Jessica Hashagen, Ben West

N
®  Ecology Monitoring Points |:| Agricultural Lands w <e>5
&  Dairy Farms [] umban Lands s

i —

D WRIA1 Outline |:] Grass/Pasture 0 2 a4

8 12

Date: 8/21/12014
Sources: USDA, WADA, WADOE

Miles
16

Map 2 - Urban vs. Agricultural Lands - WRIA 1

12






Three key factors played a role in the selection of WRIA 1. One factor is because of the
limited point source pollution due to a significant agricultural influence and small urban
influence. Another factor is a number of dairy farms in the WRIA - and associated grazing - is
prevalent in the lower reaches of the watershed. Finally, the number of established monitoring
stations present throughout the WRIA made it an attractive option (Map 2).

All of these factors combine to make WRIA 1 a strong candidate to investigate pathogen
pollutant sources to the Puget Sound occurring due to agriculture. The Nooksack River lies in a
watershed about 100 miles north of Seattle, Washington. While this is remote to the bustling city
life, the Nooksack watershed houses one of the most ecologically active regions in the Puget
Sound. Shellfish harvesting and salmon fishing are two of the largest recreational and economic
activities in the region (Whatcom Conservation District, 2014).

In order to run a model in ArcSWAT there are a minimum of three phases to work
through to prepare the model inputs: watershed delineator, HRU analysis, and writing input
tables. Each must be completed in order to build the model base.

Watershed Delineation

Watershed delineation is the initial step of the model where the streams within the area
of interest are created for the model analysis. Two different approaches to watershed
delineation of stream network and sub-basins are available and both were tested. The first
method is calculating a stream network based on a 10 meter DEM where the model self-
delineates sub-basins and stream networks (USDA , 2014). The other option available is
uploading a user defined sub-basins and stream networks into the model. The user defined files
can be as complex or as simplified as desired. The more complex the inputs are, the more
refined the overall model results will be. The more simplified the inputs are, the coarser the
overall model results. The most complex stream basin information was selected from the
Washington Department of Ecology (WADOE, 2014) 100k hydrography dataset and the sub-
basins were selected from the WADOE water assessment results geodatabase for WRIA 1
(WADOE, 2014).

S —
{[ \\\~,{"
L

Stream Network &

Sub-basin

Stream Network { Z

Sub-basin

Figure 2 - ArcSWAT delineated and User defined stream networks and sub-basins
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The processing time required by the model to self-delineate the watershed is lower in
preprocessing (only requires uploading a DEM for the area of interest) and longer in the time for
the model to process the stream network and sub-basins. Conversely, the user defined method
takes more time initially to create the sub-basins and stream network but decreases processing
time (Figure 2). Other decision factors considered for choosing between these two options
include level of detail required, processing power of the computer, and size of the watershed of
interest.

HRU Analysis

ArcSWAT analyzes surface runoff based on hydrologic resource units (HRUs) which are
unique combinations of landuse, soil and slope. The model either assigns one slope to the
model or the user can reclassify the DEM into up to five slope classifications. TNC suggested
slope classifications of 0-2%, 2-5%, 5-8%, 8-10% and over 10% as much of the agricultural
working lands are located on land with less than 8% slope (Jamie Robertson. pers. comm)
(Figure 3). Landuse rasters from USDA’s Cropscape were uploaded and reclassified using the
SWAT landuse definitions (Appendix D). The user can define different landuses, but extensive
recoding of data tables is required. STATSGO soil data was used because the other common
soil type (SSURGO) had significant gaps in WRIA 1 and throughout the Puget Sound Trough
Ecoregion. The STATSGO soil data was downloaded from ArcSWAT’s STATSGO database
and the STUMID key was used to redefine the soil type and match it to the ArcSWAT database
for soil characterization.

Once the three datasets

(landuse, soil, and slope) are
input and re-classed the model p
begins to create HRUs. This
final step in HRU construction is ;
to determine at what scale the &t
datasets are aggregated. The "L
aggregation used was based on ¥
minimum percent coverage of

each dataset. To capture all

landuses, soils and slope E“

] 25

Slope(%)

categories a 0% classification —
for all sliders - meaning all I 00000

values covering more than 0%
of a sub-basin were included -
was used for a model run.

These inputs created 2106
HRUs for the Nooksack Figure 3 - Slope designations
watershed (Map 3).
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Writing Input

Weather inputs were selected from the WGEN_US_COOP_1960_2010 because it has
the largest number of first and second order monitoring stations, over 18,000 stations and an
extensive duration of time monitored. The weather stations provide modeling data for humidity,
rainfall, solar radiation, temperature, and wind speed. All categories can be replaced with user
provided data as desired.

The default model simulation does not include management actions beyond minimal
plant growth simulation for the first year on the landscape. In order to incorporate additional
processes edits must be made to management input tables to model agricultural practices.
Grazing (from cattle and dairy cows) is prevalent in the Nooksack, covering 8% of the entire
watershed, and therefore cattle manure runoff from pasture lands and when it is used for
fertilizer on crops has become an area of concern for downstream pollutant loads (Whatcom
Conservation District). Bacteria counts for persistent and less persistent bacteria and bacteria
partition coefficients are added to the fertilizer database in order to activate the bacteria
readings for runoff. Variables were taken from a similar study conducted in Ireland, values used
were persistent bacteria at 75,000 cfu/g, less persistent bacteria at 23,000 cfu/g both for cattle
manure, and a bacteria partition coefficient of .9 - the coefficient designates likelihood bacteria
will be in solution or in soil (Coffey et al. 2010). To test the model calculation of bacteria
pollutants grazing operations were set so cattle were on pasture lands 365 days/year and with
cows consuming 18 kg of grass and depositing 35 kg of manure. Fertilizer application for crops
are usually twice a year (4500 kg/ha Spring and 2200 kg/ha in the Fall) however the model
limits the application to 200kg/ha per application. To accommodate this fertilizer application for
all crop lands were set to once a month from March to September, for a total 200 kg of
manure/ha per application over 6 months.

Model Simulation

ArcSWAT allows the user to define a model simulation time frame starting from 1902
through any point in the future with output intervals of daily, monthly, or yearly. One model
simulation run spanned 2002 to 2012 with a three year skipped reporting which allows the
model to “warm-up”. The “warm-up” allows the model to “learn” the system before recording
scenarios. After the model runs, a summary output table is available to read and display
preliminary data. Output tables can be selected for records such as water quality, sediment,
flow, reach, sub-basin and management.
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Results

Delineating the watershed from a DEM produces major waterways and stream networks
(Figure 4). An outlet was chosen at the mouth of the Nooksack River as it empties into Puget
Sound to assign the sub-basin for the Nooksack watershed covering 474,835 acres. After the
watershed delineation was complete, landuse rasters, soils and slopes were re-classed and
layers showing the distribution of these variables are generated and maps can be created (See
Figures 5-7).

Legend

Delineated streams

Defined streams

Figure 4 - Stream network delineation
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Figure 5 - Landuse Map
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The model creates a report for the entire watershed
and then the sub-basins noting the types of landuses, soils
and slope and their respective coverage area. The largest
landuse type was forested areas covering almost 300,000
acres. The largest agricultural landuse was corn at 9,143
acres. Pasture land covered 40,026 acres.

From these assignments the model created HRUs
based on how each combination of landuse, soil and slope
would respond hydrologically. Based on the inputs, one
model run created 14,000 separate HRUs for the watershed
with areas from hundreds of acres to under an acre (Figure
8).

Based on this model run all the HRUs were selected
to be represented, but the user can choose to run the model
only using the dominant landuses, soils or slopes if desired.
The HRU report contains detailed information about the
landuse, soils and slope for each HRU defined in the
watershed noting the exact combination modeled and the
total area (ha and acres), percentage of the watershed and
percentage of the sub-basin.. This model run used the
ArcSWAT database information for the required inputs such
as weather (global data from 1960-2010) and other database
information specific to the ArcSWAT databases.

Q’\
HRU Thresholds | Land Use Refinement (Optional)

HRU Definition

() Dominant Land Use. Soils, Slope
() Dominant HRU
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Figure 8 - HRU Definition Model Interface
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Nooksack Watershed Sediment Load, Washington, 2012
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The model produced monthly summary data for the watershed along with yearly totals. It
also produced daily records for all the output tables. While the model produced nitrogen and
phosphorus data as well as sediment loads, it did not calculate pesticide or bacteria data with
the default inputs (Maps 4-6).

User defined inputs are required to activate the bacteria simulation. Bacteria results from
a model run after fertilizer and management inputs reported bacteria levels by HRU and sub-
basin. Bacteria reports form the output summary identify average annual changes in persistent
and less persistent bacteria in soils in the watershed, transported to the main channel in solution
and transported in sediment. HRU output tables include nitrogen, phosphorus and bacteria
results by HRU as well as a subset of eighty variables. The management output tables contain
results for each crop type and the management practices such as planting, fertilization, harvest
and grazing.

Discussion

One of the challenges using the ArcSWAT model is the level of complexity the model is
able to accept. The benefit of this is the model is highly tailorable to different systems of interest
and specific questions a user is interested in. However, it also present significant problems, in
that the model does not easily function as a “plug and play” model - where relatively easy data
sets can be input and results are obtained. Instead the ArcSWAT model requires an in depth
knowledge of the inputs of interest and the system being studied in order for the user to
knowledgeably and accurately modify the tables and other inputs. These modifications include
time steps of applications, number of days a pasture is grazed, when crops are harvested, and
deposition to name a few. This level of specificity creates complications for application when the
system of interest is large, has varying landscapes, and has varying landuses. Perhaps the
biggest difficulty is when working with a large system with many landuses, it becomes more
difficult to accurately state the processes different land owners are applying to their property.

Due to the flexibility of the model inputs the results can be highly variable. Running the
model solely with the baseline data (DEM, landuse raster, soils data, and model supplied
weather data) provides a general snapshot of a system of interest, useful for detecting major
trends in the system. However, because the model is designed to handle more detailed system
descriptions a greater level of detail in the outputs is possible. This means not only is the
system described in greater detail but the model will also more accurately predict any scenarios
that are applied to the system. By the same token, because there are many variables available
to customize there is more room for error in the entry of bad or misapplied data. The result of
which would be a mis-representation of the system or scenarios applied to the system.
Additional testing not provided by the model is required to perform a sensitivity analysis of the
results to confirm they are in fact valid.
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After stream network delineation both options use the sub-basin and stream network to
calculate stream junctures, outputs, and flow direction. If too complicated a user defined
network is input the model has difficulties identifying stream junctures and outputs. However, a
sufficiently complicated set of sub-basins and stream networks must be used in order to
accurately detect all outputs.

In studying bacteria outputs our group encountered many unanticipated difficulties
tackling the complex data sets and level of knowledge required to obtain meaningful results. In
order to obtain results from bacteria a number of different steps had to be used. This included
specifying which farms were using manure as a fertilizer and how often, as well as identifying
which pasture land had cows being grazed on it and the amount of grass intake and manure
deposition. Database tables had to be changed to incorporate the decay rates of bacteria as
well as identifying a partition coefficient to give the bacteria presence in either soil or solution.
However, even all of these steps were not enough to provide significant bacteria readings in the
output tables. The final component to achieve results was to define a significantly more detailed
sub-basin and stream network on which to run the model. This more accurately represents the
system and increases the potential area for interactions between grazing livestock, manure
fertilizer applications, and streams. Taking this step is what finally allowed the model to produce
measurable amounts of bacteria outputs. Although bacteria outputs were obtained due to time
constraints we were not able to take a more analytical look at impacts of what would happen if
different BMPs were applied to agricultural lands.

Another impact from the unanticipated difficulties of getting bacteria to be correctly
modeled, along with other challenges that made for a steep learning curve with the ArcSWAT
model, was there was not sufficient time to implement a systematic testing of BMPs on a system
outputting bacteria data.

Simplifying Assumptions

As with all models ArcSWAT is a simplified representation of the real world and in order
to work it must make certain assumptions in order to simplify the level of complexity present. A
perfect example of a simplification the model must make is the level of complexity allowed by
the model in the defined stream network. If too complex a stream network is used, even with
flow direction correctly applied, the model has difficulty detecting inlets, outlets, and junctions.
Comparing a simplified and complex version of two user defined networks it is possible to see
the difficulties the model has (Figure 9). In the more complex network the model cannot even
correctly locate the mouth of the river, instead placing the outlet in the middle of the watershed.
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ArcSWAT Outlet Siting Error from User Defined Stream Networks
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Figure 9 - Model Outlet Comparison — Simple vs. Complex Stream Network

Additional simplifying assumptions include:
e Using the 2012/2013 WSDA LU polygons for ALL years for determining where pasture
lands are in Cropscape. It is unclear how accurate this will be, as there does seem to be
a significant level of variance from year to year as shown in Table 2.

Table 2 - Pasture land raster complexity comparison

Cell Counts WSDA Pasture Count in Cropscape by Year

226123 WSDA Pasture - 2013
230002 WSDA Pasture - 2012
92786 WSDA Pasture - 2011
234663 WSDA Pasture - 2010
66951 WSDA Pasture - 2009
64783 WSDA Pasture - 2008
96857 WSDA Pasture - 2007
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e Cropscape data changes uses 56x56 cell size for 2007-2009 and 30x30 for 2010-2013.
All are now listed in 30x30, but resolution is still lost for the 2007-2009 Cropscape data.
Also there were issues with the 2011 data.

e All point source data (probably correctly) must be located on a waterway, the difficulty
comes when trying to use sources such as dairy farms which are mostly not directly on
waterways.

Inputs weather tables are accurate
Does not account for pre-existing conditions in the landscape.

Sensitivity Analysis

In order to provide TNC with adequate information about this model, many tests of the
different aspects of the model were performed to determine where the greatest changes in the
model outputs would be experienced (Trucano et al, 2006). At each phase of the preparation
work - watershed delineation, HRU analysis up through model simulation each option for
change was used. All the changes made a difference in the outcomes. This is a positive and
negative aspect to this model since one change can impact the results so greatly.

During HRU Definition the user can determine thresholds for landuse, soil and slope
representation in HRUs based on percentage or total area of sub-basin. The model
documentation suggests using thresholds 10% for landuse, 10% for soils and 20% for slope.
The results from applying these thresholds are that the total number of landuse classes were
diminished by half and resulted in the loss of most of the agricultural landuses.

Slope changes were made from original slope classification 0-5%, 5-10%, 10-15%, 15-
30%, 30-9999% to 0-2%, 2-5%, 5-8%, 8-10%,10-9999% because the Nooksack Watershed is
so different from east to west in slope elevation and most agriculture does not take place on
land with slopes over about 5%.

Temporal analysis was another concern for a sensitivity analysis. Ten years was chosen
for a study period, with one model running a 5 year “skip period” in order to allow the model to
come up to speed in simulation. Both methods were attempted and the differences in readings
are shown in the following graph (Figure 10)
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Annual Precipitation for Nooksack Basin
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Figure 10 - Precipitation comparison with and without "skip period" vs. actual precipitation records

Another analysis that was conducted was to run the model on smaller branch of the
watershed where the only part of the set-up that was varied was the year landuse represented
(a five year “skip period” was used, the base values for weather was utilized, and HRU
demarcation was set at 1% for landuse, 10% for slope, and 10% for soil). The outputs were then
compared with monitoring station data for the same watershed sub-branch to provide a basic
assessment on the accuracy of the model vs. real world results. The value selected for this was
sediment because it is a value present in both sets of data, has a continuous monitoring record,
and is measured in the same units (mg/L) in the model and the monitoring station. When
compiling the sediment data in ArcSWAT there was one primary problem, it's unclear what the
ArcSWAT data represents. If the values in the sub-basin where the monitoring station represent
only the values for that sub-basin or if it also incorporates the values for all upstream sub-basins
as well. In response two comparisons were made, one comparing only the outputs of the sub-
basin the monitoring station is located at the mouth of and one comparing the sum of sediment
from all upstream sub-basins from the monitoring station.
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The results comparing the monitoring station with the one sub-basin containing the
monitoring station (Figure 11) shows that the minimum, maximum of the all the model runs are
fairly consistent and those values are consistent with the baseline sediment values of the
monitoring station data.

Measured vs. ArcSWAT Modeled Sediment Values 2005 - 2014
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300
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Figure 11 - Sediment output compared to actual records

However, the monitoring station data shows several months with abnormally large
amounts of sediment. When this occurs in the spring it is most likely capturing a large or sudden
snow melt, but it is less certain what causes the events in the fall. Looking at the rainfall data in
Figure 11, there is no clear large rain events that might have triggered abnormally large
sediment events. Either way both snow melt and rainfall are both events the model would not
account for with the base data provided.

In contrast looking at the chart comparing the sum of all upstream sub-basin sediment and the
monitoring station (Figure 12) is very different. Instead of matching the baseflow normal
baseflow, the data for all upstream sub-basins more closely matches the extreme events.
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Measured vs. ArcSWAT Modeled Sediment Values 2005 - 2014

900 - r9
D ArcSWAT Maximum Sediment

D ArcSWAT Minimum Sediment
800 - DArcSWAT Average Sediment -8
1 Ecology Measured Sediment
:’“Monthly Rainfall

700 - b7
600 | i : Le
500 - its
mg/L Inches Rainfall
400 - ita
300 3
200 4§ i 2
100 | L1
0 L o
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 12 - Sediment comparison with actual rainfall records
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Figure 13 - Combined sub-basin sediment values vs actual records
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Business Case and Future Implementation

Business Case

Assisting the Nature Conservancy with the model decision and implementation process,
will help the organization put together the scope of a larger project beginning in 2015. With the
development of a scope of work, TNC and partners will seek to implement a plan for a Sound-
wide analysis, better understanding of BMPs to model, and test these assumptions with on-the-
ground projects. For the scope of work The Nature Conservancy needs to determine how much
work and where the work needs to be done in a three year period. By doing this project, some of
the methods were developed for potential analyses for pathogens and eutrophication which may
be able to lead the way for further analyses including temperature and dissolved oxygen. Also,
the amount of work that may be needed for the project can be estimated base on the amount of
hours the project team has dedicated to the model decision and analysis process.

The financial piece will come later in the project and will be built into the scope of work.
The financial burdens that The Nature Conservancy may encounter would be the amount of
man hours needed for data processing, field data collection such as monitoring and BMP testing
and how they relate to water quality, determining what the BMP’s are and where they need to
be implemented on the landscape.

This project provides The Nature Conservancy with an overview of five models and how
they may or may not be relevant to the criteria they are looking for. One model was determined
as the most relevant, ArcSWAT, and this was due to it covering the organizations interests plus
much more, including climate change. It also seemed the simplest model with only three basic
input layers and three tables. This model offers many opportunities for future implementation.
Currently, the model provides information about Nitrogen, Phosphorus, Sedimentation, to name
a few. Not only can the model provide outputs of pathogens for non-point sources, point sources
can be added to the model run to be included in the outputs. In addition, the model has been
running on simulated weather data, all of the weather inputs can be added from local stations
which may calculate more accurate readings for sedimentation and evapotranspiration. This
model also has the potential of modeling climate change scenarios.
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Future Implementation
There are several areas of study that either TNC has expressed interest in for future or
that were ideal parts of the future implementation.

Climate Change

The weather input database for ArcSWAT allows for user inputs detailed to include
rainfall, temperature, relative humidity, solar radiation, and wind speed, providing an option to
apply climate change data to the model once the base inputs are established. Model simulations
using climate data could allow for analysis to investigate changes in the levels of the various
weather data such as higher wind speeds vs lower wind speeds to play out scenarios just within
the climate data and how they could impact water flows downstream and pollutants and
sediment. Also various crops and management practices could be modeled using the climate
data to establish combinations that could improve water quality and aid in planning for changes
that may need to take place in agriculture in light of climate changes.

Best Management Practices

Another key component we did not address was the impacts BMPs have on total
outputs. It was unfortunate this aspect of the model was not addressed as the vast majority of
our time was spent on learning the in and outs of getting ArcSWAT to output the desired
bacteria data. While due to time constraints we did not address BMPs, the model does have a
number of preloaded management practices that can be applied. The BMPs are applied by
editing the input tables of a specific HRU type (selected by prefered dominant Soil, Slope, and
Landuse) within a specific sub-basin. Two of the HRU tables that can edited to include BMPs
are ponds and operations. These allow basic BMPs to be applied such as different types of
impoundment ponds, residue management, terracing, filter strips, and contouring. Once an HRU
has been selected different management techniques can be applied by editing operations.
ArcSWAT also contains an additional modeling program called Agricultural Policy
Environmental eXtender (APEX) that details the modeling specifications for a host of best
management practices (Waidler et al., 2009).

Data Collection

In order to be able to best implement an accurate version of the model, as well as
accurately implement and test BMPs in the model, it is recommended that additional data
collection be undertaken. Having a greater understanding of ArcSWAT has made it clear that
while it is the correct model, ideally additional data should be collected. In terms of the bacteria
produced by grazing and application of manure on other agricultural lands this means data
about how often livestock is grazed over the course of a year and how often manure is applied
as fertilizer to crops.

ArcSWAT Future Implementation

The Nature Conservancy works with various community groups and stakeholder groups
(Appendix E) to address conservation issues within the Puget Sound (Jamie Robertson, pers
comm). By using ArcSWAT to inform the steps of the collaborative work between groups, the
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model could be used as a tool to address specific concerns about non-point source pollution
from agricultural lands (Appendix F). The Nature Conservancy can utilize ArcSWAT to inform
areas of need to create documents to share with local community groups and stakeholders such
as the Conservation Districts and the agricultural landowners and serve as starting point to
obtain current management practices for the model. Farms using BMPs can be identified and
assessed for impacts to pollution loads and areas of concern for possible BMP implementation
can be identified. Scenario documentation and model outputs can be shared with stakeholder
groups to determine where and what type of BMPs could be implemented. Further steps include
taking stakeholder suggestions for BMP types and BMP implementation practices and entered
into the model. This process can be further improved by identifying existing or

potential monitoring sites that could record impacts from current management practices and
new BMP implementation alike. Documentation for proposed sites could be brought back to
stakeholder groups for discussion and a possible monitoring program plan could be drawn up.
Using ArcSWAT for the modeling of scenarios at each stage of this process feedback to
stakeholder groups can be given in weeks instead of months. ArcSWAT also provides outputs
to produce maps, charts, and graphics to illustrate the complex systems being addressed so
that all parties impacted by these decisions can “see” the possibilities and hopefully make more
informed decisions about the future of the agricultural lands in the Nooksack watershed.
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Appendix B - Activity Diagram
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Appendix C - Geodatabase Schema
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Appendix D - Landuse Classification

‘ VALUE Final Selected ArcSWAT Value ‘

1 CORN
4 GRSG
5 SOYB
6 SUNF
10 PNUT
12 SCRN
14 AGRC
21 BARL

22 DWHT
23 SWHT
24 WWHT
25 BARL

27 RYE

28 OATS
30 OATS
31 CANP
32 FLAX

33 AGRC
34 AGRC
35 AGRC
36 ALFA

37 AGRC
38 AGRC
39 AGRC
41 SGBT
42 LENT

43 POTA
44 AGRL
46 SPOT
47 AGRL
48 WMEL
49 ONIO

50 CUCM
51 MUNG
52 LENT
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53

PEAS

54

TOMA

55

AGRR

56

GRAP

57

CLVA

58

CLVS

59

FESC

60

SWCH

61

BARR

63

FRST

66

ORCD

67

ORCD

68

APPL

69

GRAP

70

FRSE

71

FRST

76

ALMD

7

ORCD

87

WETL

92

WATR

111

WATR

112

BARR

121

URBN

122

URLD

123

URMD

124

URHD

131

BARR

141

FRSD

142

FRSE

143

FRST

152

RNGB

176

PAST

190

WETF

195

WETN

205

SWHT

206

CRRT

207

ASPR

208

ONIO
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214

BROC

216

PEPP

218

ORCD

219

LETT

220

ORCD

221

STRW

222

AGRC

223

ORCD

224

FPEA

225

WWHT

226

OATS

227

LETT

229

AGRC

237

WBAR

242

AGRR

243

CABG

244

CAUF

246

RADI

247

RADI

249

AGRC

250

WETN

530

PAST
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Appendix E - TNC Potential Partners
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Appendix F - ArcSWAT Future Implementation
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The Regional Open Space Strategy (ROSS) Project is creating a report focusing on strategies for increasing
green space in the four-county central Puget Sound region (King, Kitsap, Pierce, and Snohomish counties).
Their goal is to coalesce various disparate activities and initiatives related to open space conservation in the
Puget Sound region as it faces increasing development pressures. Within this project there is a need to
assess value of open space and interventions that can be taken to promote the implementation of
conservation practices along with the increasing development. This project focuses on the Lower Puyallup
Green Heart located in the Puyallup White Watershed. INVEST models are used to analyse various criteria
for different scenarios that are proposed in the area by the ROSS project. The outputs of these models are
then presented in an ESRI Story Map application for use on the ROSS project website, which we
recommend as a very effective way to communicate project goals and model results. Model outputs can
also be used to add value to the proposed actions and make them more appealing to those in a position to
implement the proposed actions.

The goal of this project was to use INVEST models to assess quantitative values of the interventions
proposed in the ROSS report. The ROSS project can benefit from ecosystem services modeling for their
proposed actions in order to influence decision makers. The scenarios developed for this project have been
refined and specialized for the purposes of this project and come from the Puyallup-White Watershed
Open Space Strategy. Scenarios were thoughtfully created considering the priorities of the ROSS project
and available time and data needs.

We recommend utilizing INVEST models such as Nutrient Retention, Carbon Sequestration, and Overlap
Analysis, which are the foundation of this report, as well investigating other InVEST Ecosystems Services
models such as Sediment Retention and Habitat Quality, with guidance from area technical experts to aid in
valuing open space at the watershed level. Additionally, any analysis of floodplain changes resulting from
changes in hydraulic structures, such as the proposed levee setbacks along the Lower Puyallup River, should
begin with a future scenario (“with project”) hydrologic and hydraulic analysis using appropriate software
such as the U.S. Army Corps of Engineer Hydraulic Engineering Center’s HEC-RAS and HEC-HMS. While Esri’s
GeoPlanner tool would be a good way to analyze the results of the InVEST models and modify proposed
open spaces, it was not used in this project due to time constraints and access to the software. We also did
not consider the financial valuation of models, since this is not the focus of the ROSS project, though
addition of such valuation could lend to a much more compelling argument in the future.
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The Regional Open Space Strategy

The Regional Open Space Strategy

The Puget Sound is currently facing intense development pressure, which is altering the natural ecological
state of the area. Some of the negative impacts of this development pressure are decreased water quality,
decreased sustainability of organic agriculture, and people’s access to a healthy environment including
nearby green space in the form of parks and trails. The Regional Open Space Strategy (ROSS), a part of the
University of Washington Green Futures Lab, is making an effort to address these growing pressures by
proposing conservation and enhancement plans such as protecting priority agriculture sites, connecting
existing trail networks, and improving access to green space for underserved populations.

The (ROSS) seeks to bring together regional partners and stakeholders in an effort to “conserve and
enhance open space systems that contribute to the ecological, economic, recreational, and aesthetic
vitality” of the central Puget Sound Region (ROSS, 2012). Open space refers to a wide and diverse spectrum
of lands at a variety of scales, from rural to urban at large to small scales, that encompasses not only our
traditional understanding of open space as wilderness and parks but also resource lands for agriculture and
timber, wetlands and water bodies, recreational trail systems, and urban green spaces. Open spaces
provide valuable ecosystems services such as biodiversity and habitat, water quality, flood control, air
guality, and carbon sequestration, as well as enhancing public health and well-being through increased
recreational opportunities and aesthetic quality. There exist many ongoing open space and environmental
protection projects, creating a fragmented landscape of ecological priorities. The ROSS believes these
efforts can be greatly enhanced by identifying and making essential connections among projects and
systems, prioritizing resources where they are most critically needed, and fostering cooperative approaches
to shared challenges through a full and tangible assessment of the true value and services current open
space systems provide (ROSS, 2014). Our role in helping the ROSS to achieve this vision is to explore how
geospatial tools can articulate the region’s ability to optimize the benefits and services provided by open
space.

In order to model the results of the proposed conservation or enhancement of open space projects,
ecosystem valuation models can be used. Ecosystem services valuation is a way to assess the value, either
financial or otherwise of an ecosystem on society. For example, what is the value of having a certain land
cover type over another when it comes to the retention of nutrients flowing into local streams? If a stream
gets sufficiently polluted, it will be costly to clean, much costlier than maintaining vegetative land cover
which will purify the downstream water flow naturally. While this can be a controversial means of assessing
the value of nature, it can often be the most effective at influencing the public and decision makers to take
action (Ecosystem Valuation, 2014).
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This project will use the Natural Capital Project’s Integrated Valuation of Environmental Services and
Tradeoffs (INVEST) (The Natural Capital Project, 2014). These models are a free and open source tool that
can be used to model ecosystem services such as nutrient retention, carbon sequestration, and overlap
analysis among others. The outputs of these models can be used to quantify and visualize the outcomes of
different scenarios and describe ecosystem services in an influential way.

We begin our exploration of valuating open space by breaking down the scope of the ROSS into its
component parts, defining the state spaces and interrelationships that hold them together to form a social-
ecological system. ... The social-ecological systems table breaks down the complexity of the regional open
space approach into modules for geospatial application development which can eventually be coalesced
into an integrated solution. Here, we describe the state spaces of the system as the intersection of domains
(columns) and geographic scales (rows). A state space can typically be thought of as a state of affairs. In the
context of this project, we use an individual state space as a statement of goals. Figure 1 below details the
social-ecological system at four geographic scales (a fine scale, a focal scale, a scale immediately above, and
an even greater focal scale) across three dimensions (biophysical, economic, and social).

The success of the ROSS begins at the watershed level. This Watershed Open Space Strategy (WOSS)
comprises seven watersheds in the central Puget Sound region. The Puyallup-White Watershed
provides the first test case in articulating, evaluating, promoting, and implementing a comprehensive
strategy towards regional open space management (above focal scale). Within this watershed, there
are three strategic geographic areas where efforts will be focused: the White River Corridor, the Greater
Rainier Conservation and Recreation Initiative, and the Lower Puyallup Green Heart. This last strategic
area lies at the focal scale of this report. We have included the City of Puyallup as representing a finer
scale of the social-ecological system, but we feel the scale is too fine to conduct any meaningful
analysis given the larger scope of the ROSS.

The purpose of the Lower Puyallup Green Heart strategy is to undertake a multi-jurisdictional action
plan to conserve, enhance and celebrate the shorelines, wetlands and rural lands along the Puyallup
River, creating a rural/natural oasis in the heart of urbanized Pierce County. The strategy encompasses
the following projects:

EA-1: The designation of the Green Heart itself.

EA-2: Setback levees along the Puyallup and White Rivers to provide flood risk reduction up to the 200-year level of
protection.

H-1: Completion of the Seattle-Tacoma-Rainier link of the Cross State Recreational Trail.

RA-1: Initiation of a comprehensive agricultural lands and aquatic systems enhancement program.
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The Regional Open Space Strategy

We developed a sustainable systems map (Figure 2) to visually represent these projects and the various

geospatial phenomena that impact or will be impacted by them. Additionally, location maps are

included to illustrate the Green Heart’s geographic position within the larger regional context of the

WOSS and ROSS.

Social-Ecological System Table | ROSS Puyallup-White Watershed Open Space Strategy
Goal: Coalesce various disparate activities and initiatives related to open space conservation in the Puget Sound region; assess the value of open

space and interventions that can be taken to promote the implementation of conservation practices.
(Adapted from PSRC’s VISION 2040 Regional Design Strategy and the Puyallup-White WOSS Report.)
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Figure 1. Social-Ecological Systems Table
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The next step in characterizing our system is to describe the characteristic and (potentially speculated
or unknown) alternative states of that system and identify the controlling variables and thresholds that
could push the system between states. This is represented in the Thresholds Matrix (Figure 3). The
Thresholds Matrix is a chart which summarizes the thresholds of the system at different scales. Once a
threshold is crossed, it may be difficult or impossible for the system to recover. If recovery is possible, it
will be a difficult process involving large amounts of time and resources. The Thresholds Matrix for this
project is specialized for the scales and scenarios of this project.

The cornerstone of the project’s Thresholds Matrix (biophysical realm at the scale immediately above
the focal scale) corresponds to the main idea of the Puyallup-White Watershed Open Space Strategy’s
Geographically Linked Strategies. If these strategies are implemented the area could improve its current
green space, but if it is allowed to become developed, the very nature of the system may unravel. The
Thresholds Matrix also brings into account the governmental aspect of the project, because decision
makers are instrumental in the process. The Puyallup-White Watershed Open Space Strategy seeks to
gain knowledge about the impacts of these strategies in order to influence those in power to
implement said strategies. Finally, the economic component brings in the economic effects of a change
in land use from agriculture to development and a possible change in local economies if there is less of
an attraction to come to the area and spend money locally.

The geodatabase further extends our social-ecological systems table by representing the real world system
as a series of features (sentence subjects and objects), attributes (adjectives), and relations (verbs). The
ROSS project sponsors provided access to their ArcSDE geodatabase, which contains the vast majority of
the data needed to conduct the analyses for this project. Rather than recreate the geodatabase in its
entirety, we developed a file geodatabase to store only those layers pertaining to our analyses, the results
of those analyses, and other base map features for use in our web map application and other static maps.
This geodatabase is meant to be stored locally to facilitate faster geoprocessing and cartographic
development. Figure 4 shows the geodatabase schema implemented for this project. Similar to the ROSS
geodatabase, we have feature datasets for each of the four action areas — Ecosystem, Recreation and
Trails, Rural and Resource Lands, and Urban and Community Development — as well as a Base_Layers
feature dataset. Additionally, we have feature datasets to store outputs from the three InVEST models
that were used in this project — Carbon Sequestration, Nutrient Retention and Overlap Analysis. These
results are initially expressed as rasters, which are stored in the geodatabase, and we have also
converted them to polygons and stored them in their respective feature datasets for use in the web
map application. Finally, rasters of the land use/land cover for current conditions and scenarios 2-4 are
also stored in the geodatabase and provide inputs for the Carbon Sequestration and Nutrient Retention
models (discussed in the following sections of this report).
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= B & & & & & 6
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Figure 4. Local File Geodatabase Schema

INVEST OVERLAP ANALYSIS MODEL

It is important to look at the various overlap of different activities that are important to society in the
focal scale. The InVEST Overlap Analysis Model is designed to determine the areas within a region that
are the most important for human use. The model calculates both frequency and importance of input
activities. Weights can be added to each individual activity and this will affect the importance output.
However, this was not included in this analysis. In discussions with project partners, we decided to
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examine the overlap of five different uses: wetlands, open space, trails, agriculture, and floodplains.
Among the ROSS project proposals is the expansion and increased connectivity of the existing trail
system. Therefore, this model was used to analyze the difference in the use frequency raster output if the
current trail system remains as it is, and if the ROSS proposed trails system is built and connected to the
existing trail network.

General model input parameters consist of:
1. A workspace
2. Adirectory containing the shapefiles of interest in the study area, representing various human
uses, weights of individual areas are an optional parameter
3.  Analysis cell size
4.  Overlap Analysis Data Directory

Outputs of this model are:
1. Use Frequency raster, depicting the frequency of activities for each cell
2. Importance Score raster, depicting the importance score for each cell

We describe the two trail scenarios (current and future) and their associated data inputs and outputs
for each below.

Scenario 1: Current Trail System Persists

Input (shapefiles of interest):

Agland_FromParcels_10yr_
High Priority Agriculture shapefile WRIA_10_12_1.shp ROSS Database
Floodplains shapefile Floodplain.shp ROSS Database
Open Space shapefile open_space_blocks.shp ROSS Database
Current Trails shapefile Trails_Current.shp ROSS Database

http://www.ecy.wa.gov/servic

\Wetlands shapefile \Wetlands.shp es/gis/data/data.htm
Output:
hu_freq.tif raster hu_freq_Current.tif
hu_impscore.tif raster hu_freq_Future.tif

Table 1. Scenario 1 Inputs and Outputs

Scenario 2: Trails Expanded
Input (shapefiles of interest):

Agland_FromParcels_10yr_
High Priority Agriculture shapefile WRIA_10_12_1.shp ROSS Database
Floodplains shapefile Floodplain.shp ROSS Database
Open Space shapefile open_space_blocks.shp ROSS Database
Future Trails shapefile Trails_Future.shp ROSS Database
http://www.ecy.wa.gov/servic
\Wetlands shapefile \Wetlands.shp es/gis/data/data.htm
Output:
hu_freq.tif raster hu_freq_Current.tif
hu_impscore.tif raster hu_freq_Future.tif

Table 2. Scenario 2 Inputs and Outputs
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Most data required for modeling uses existing data available online or in the ROSS database, however,
some data processing was required in order to modify data for use in different scenarios. Existing trails
data from the ROSS project database is sufficient for use in Trails Scenario 1. Current trails in WRIA 10

and proposed trails for WRIA 10 can be found in the ROSS project database. Using ArcGIS

geoprocessing tools, both current and planned trails data were merged into one. Some digitization was
required to logically connect any missing parts between current and future trails. Communication with

project sponsors provided guidance into the manner of connecting the trail system, with the main

priority being that they do in fact connect, even if some portions of the trails are not likely accurate of

where they would actually be built. The two trail scenarios can be seen in Figure 5.

Current Trail System

Proposed Changes to Trail System in Lower Puyallup Green Heart

ROSS Proposed Trail System

{ Pacific

Milton

Edgewoad

Legend

- Trails

D Lower Puyallup Green Heart
0 1 2 Miles. ’X
S E—

N

Data from the ROSS Project Database
Map created 8/18/14

Copyright ©2013 Esri, DeLorme, NAVTEQ

Milton

Edgewoad

Copyright: ©2013 Esri, DeLorme, NAVTEQ

Figure 5. Overlap Analysis, Current and Future Trails Scenarios

All input data needs to be in a folder with no other data for input into the model. A sample run of the

future scenario can be seen in Figure 6.
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Eile | Development

InVEST Version 2.5.6 (32bit) | Model documentation | Report an issue

Workspace Ci\Wsers\Christy\Documents\Capstone\Overlap_50_Future

Analysis Zones Layer C:/Users/Christy /Documents/Capstone,/Tnput/AQI_WRIA10.shp

Analysis Cell Size (meters) 50

Overlap Analysis Data Directory | C:\Users\Christy\Documents\Capstone\Overlap_Input_FutureTrails

[] intra-Activity Weighting?

Intra-Activity Attribute Name

[] inter-Activity Weighting?

Inter-Activity Weight Table C:/InVEST_2_5_6_x86/OverlapAnalysis_3_0/Input/Recreation_Inputs.csv
Human Use Hubs?

Points Layer of Human Use Hubs | C: /Users/Christy/Documents/Capstone,/Urban_Centers_ps.shp

Distance Decay Rate 0.0001

Parameters have been loaded from the most recent run of this model. Reset to defaults

N Reset

Figure 6. Overlap Analysis Model Interface

Analysis Cell Size was set to 50, as this was determined to be a reasonable size for the scale in question.
Intra and Inter activity Weighting was not included in this analysis, as the project sponsors did not feel
that the necessary information was available to make this an improvement in the model output.
Human Use Hubs were used and defined as the Urban Centers. This data is located in the ROSS
database. Distance Decay Rate was set to 0.0001 as this is the default input for the model.

Using these inputs, the model was run successfully for both scenarios.

Nutrient retention is an important ecosystem service and a natural way to keep streams clean. Some
vegetative land cover retains more nutrients than others and more than developed land. The InVEST
Nutrient Retention model is more complex than the Overlap Analysis model. This model calculates the
amount of nitrogen and phosphorous export at the pixel level as well as at the watershed level by
looking at land use cover and soil characteristics.

For our test of the Nutrient Retention Model, we designed and modeled the following land use/land
cover scenarios:
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Scenario 1: Current land use persists.

Scenario 2: High priority agriculture areas as defined by the ROSS project are converted to Developed, Medium Intensity.
Scenario 3: All land cover currently defined as Hay/Pasture is converted to Developed, Medium Intensity.

Scenario 4: All land cover currently defined as Hay/Pasture or Cultivated Crop is converted to Developed, Medium Intensity.

The base Land Use/Land Cover raster is that which was obtained from the GIS Data Gateway (Figure 7).

Legend

E Lower Puyallup Green Heart
NLCD Land Use/Land Cover
[T Barren Land

I cuttivated Crops

- Deciduous Forest

Il Deveioped, High Intensity
- Developed, Low Intensity
Il 0cvcioped, Medium Intensity
: :[ Developed, Open Space
- Emergent Herbaceuous Wetlands

3 - Evergreen Forest
: :i Hay/Pasture
1:! Herbaceuous
: ]: Mixed Forest
' - Open Water
| [ Perennial Snow/ice
| ]:[ Shrub/Scrub

[ ] woody Wetlands

&

Figure 7. NLCD Land Use/Land Cover, Scenario 1

A model run using current land use characteristics was run using input data as shown in Table 3. Additional
model inputs include the Seasonality Constant, the Threshold Flow Accumulation, the Biophysical Table,
and the Water Purification Thresholds Table. The values were left as the default and the Biophysical Table
was the table included with the model download. The model runs included both nitrogen and phosphorous,
but not financial valuation. Using this input data the model was run successfully and outputs were directed
to the workspace folder.

A model run of Land Use/Land Cover Scenario 1 can be seen in Figure 8.
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Scenario 1: Current

Data Input Data Type Local Name Source
http://datagateway.nrcs.usda.go
Land Use Land Cover raster LULC_WRIA10.tif v
http://datagateway.nrcs.usda.go
Root to Depth Restricting Layer raster Soils_Values_Raster.tif |v
http://www.ecy.wa.gov/services
Subwatershed Polygons shapefile Subwatersheds.shp gis/data/data.htm#w
http://www.ecy.wa.gov/services
\Watershed Polygons shapefile \Watersheds.shp gis/data/data.htm#w
http://gis.ess.washington.edu/d
ata/raster/tenmeter/byquad/ind
DEM Raster raster WRIA10DEM.tif ex.html
http://www.cgiar-
csi.org/data/global-aridity-and-
Evapotranspiration raster WRIA1Oeto.tif pet-database#download
Precipitation raster \WRIA10Precip.tif http://www.climatewizard.org/#
http://datagateway.nrcs.usda.go
Plant Available Water Content raster Temp_PAWLC.tif \
water_purification_thr |http://datagateway.nrcs.usda.go
\Water Purification Threshold Table table eshold_test2.csv \
biophysical_table_test. |C:\InVEST_2_5_6_x86\Nutrient_
Biophysical Table table csv Retention\Input
Table 3. Nutrient Retention Scenario 1 Inputs
B Nutrient = =
File Development
INVEST Version 2.5.6 (32bit) | Model documentation | Report an issue
~
Warkspace C:\INVEST_2_5_6_x86\Nutrient_Retention_chris_data_AlHayandCropConverted & @
Results Suffix (optional) ©
DEM Raster C:fUsers/Christy/Documents,Capstone fInput/WRIA 10DEM. tif & @
Precipitation C:fUsers/Christy/Documents,/Capstone,Tnput/WRIA 10Precip. tif & @
Reference Evapotranspiration C:fUsers/Christy/Documents,/Capstone Input/WRIA 10eto, tif & @
Depth To oot Restricting Layer C:fUsers/Christy/Documents,Capstone Input/Soils_Values_Raster. tif & @
Plant Available Water Fraction C:fUsers/Christy/Documents,Capstone fInput/Temp_PAWC. tif & @
Land Use C:/Users/Christy /Documents,/Capstone LULC_Scenarios/LULC_WRIA10, tif I_JI @
Seasonality Constant 5 ©
Watershed Polygons C:/UsersChristy/Documents/Capstone Input/Watersheds.shp [ @
Sub-Watersheds C:/UsersChristy/Documents/Capstone/Input/Subwatersheds. shp [ @
Biophysical Table C:fUsers/Christy/Documents,Capstone Input/biophysical_table_test,csv & @
Calculate phosphorous retention (2]
Calculate nitrogen retention ©
Threshold Flow Accumluation 1000 ©
Water Purification Threshold Table C:/UsersChristy/Documents/CapstoneInput/water_purification_threshold_test2.csv [ ffj
[ valuation y
Parameters have been loaded from the most recent run of this model. Reset to defaults

"\ Reset

o e |l -

- 11— T

1 o ([ oo T

v

Figure 8. Nutrient Retention Model Interface
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Scenario 2 involves changing all Priority Agricultural lands as designated by the ROSS project to
Developed, Medium Intensity. Priority Agricultural data in polygon format is located in the ROSS Project
database. There are two areas in the database designated as priority agriculture. These represent ROSS
proposed priority agricultural lands as designated by parcels and zoning respectively. These two
polygons were merged using ArcGIS geoprocessing tools. Using the merged polygons, the Land
Use/Land Cover raster was clipped to this area. The extent of these merged areas can be seen in Figure

9.

Priority Agriculture in the Lower Puyallup Green Heart

2009 Pierce County Open Space Task Force 10 Year Priorities

P

Legend

I Priority Agriculture
E LowerPuyGreenHeart

1] 1 Miles ’X
— N

Data from the ROSS Project Database
Map created 8/17/14

Sources: Esrl, DeLorme, USGS, NPS, Sources: Esrd, USGESHHCARS

Figure 9. Priority Agricultural Lands (ROSS, 2014)
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The Land Use/Land Cover Raster was clipped to the Lower Puyallup Green Heart and then clipped again to
the merged Priority Agriculture polygons (Figures 10 and 11, respectively).

Figure 10. LULC of the Lower Puyallup Green Heart Figure 11. LULC within Priority Agricultural Lands

The clipped Land Use/Land Cover shows the majority of pixels designated as Hay/Pasture and Cultivated
Crop. There are also some areas designated as Light or Open Development. This clipped area was then
reclassified to be entirely Developed, Medium Intensity (code 23 in the Land Use/Land Cover data)(Figures
12 and 13).

- e
Input raster it
|C:\JJsers\Christy\Dommems\CapsboneV.ULC_WRJA10_GmHeart_C\ip.tiF | IEI
Redass field .
Value v| -
Redassification
Old values New values =
24-31 23 .
2t 2
£2-g5 23
NoData MoData Add Entry
Delete Entries
v
‘Reverse New Values | | Predision... |
Qutput raster
|C:\JJsers\Christy\Domments\Capsbone\Redass_LULC1 | IEI
["]Change missing values to NoData (optional)
| oK | ‘ Cancel | |Er|\rironmenis... | ‘ Show Help >3 |
Figure 12. Raster Reclassify Tool Figure 13. Developed, Medium Intensity
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This area now needs to be added back to the
original Land Use/Land Cover data, with only these
cells remaining classified as Developed, Medium
Intensity. The Mosaic to New Raster tool can be
used for this task (Figure 14). This tool takes in the
original raster and the altered raster. The

parameters must be set up to map the appropriate
rasters to either the Mosaic Operator (clipped
raster) or the Mosaic Colormap Mode (original
raster). The output of this tool is the modified Land
Use/Land Cover raster to be used in Land Use/Land
Cover Scenario 2 (Figure 15).

e, ' R

o

Figure 15. Revised LULC Raster, Scenario 2

Input Rasters

C:\Users\Christy\Documents\Capstone \AllAg_dlip_re. tif
C:\Users\Christy\Documents\Capstone \InputiL ULC_WRIA10.tif
Qutput Location
‘C:V.Jsers\Chrlsw\Dommems\Capsmne ‘ @
Raster Dataset Name with Extension
NEW _allpricagconverted. tif |
Spatial Reference for Raster (optional)
Pixel T optional)
8_BIT_UNSIGNED v
Cellsize (optional)
% Number of Bands
1
Mosaic Operator (optional)
LAST v
Mosaic Colormap Mode (optional)
FIRST v
‘ OK | ‘ Cancel | |Enwmnmems..‘ ‘ | Show Help == ‘
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The process of creating the Land Use/Land Cover raster for scenario 3 was similar to that used to create
Scenario 2. The original Land Use/Land Cover was clipped to the Lower Puyallup Green Heart and then just
cells within that clipped raster which were designated as Hay/Pasture (code 81) were reclassified as
Developed, medium intensity (code 23).

Then as in Scenario 2, the Mosaic to New Raster was used to join this data back to the original Land
Use/Land Cover and this data was ready for use in Scenario 3.

The process of creating the Land Use/Land Cover raster for scenario 4 was the same as that that used to
create Scenario 3, except that cells within that clipped raster which were designated as Hay/Pasture (code
81) or Cultivated Crop (code 82) were reclassified as Developed, Medium Intensity (code 23). The Mosaic to
New Raster was used to join this data back to the original Land Use/Land Cover and this data was ready for
use in Scenario 4.

The same process was used to run the model on Land Use/Land Cover scenarios 2, 3, and 4 simply replacing
the Land Use/Land Cover Input with the appropriate data.

The differences in outputs of the different scenarios can be difficult to identify in the raw data. In order to
highlight the differences, our team decided to further process outputs to calculate just the differences in
scenarios. ArcGIS Raster Calculator was used to subtract Scenario 1 from Scenarios 2, 3, and 4. It was also
necessary to calculate the actual difference in nitrogen and phosphorus exported for each scenario. This
information was obtained by using the watershed shapefile output of the Nutrient Retention model. This
shapefile has an attribute table which has totals of nitrogen and phosphorus export summed at the
watershed level. Nitrogen and Phosphorus totals can be found by calculating the statistics on these fields
and looking at the Sum.

Statistics of watershed_outputs “

Field
p_exp_tot v Frequency Distribution
Statistics:
Count: 16 15
Minimurm: 0
Mapdmum: 3117.092834 10
Sum: 4609 255818
Mean: 288.078485
Standard Deviation: 742 113203 5
Mulls: 1]

0

-0.0 9158 18317 27475

Figure 16. Watershed Outputs Statistics

The sums of nitrogen and phosphorous for Scenario 1 were subtracted from those for Scenarios 2, 3, and 4
in order to get the additional nitrogen and phosphorus exported by scenario.
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The Carbon Sequestration model incorporated in the INVEST model set calculates the amount of carbon
that becomes trapped within the environment. This calculation, detailed below, derives principally from a
LULC raster by using an associated table (Table 4). The table assigns a value to each class within the raster
to visually depict what each environmental factor is capable of sequestering.

Data Input Data type Local Name Source
Workspace Folder */carbon_seq User Input
Suffix Text 1) [no suffix] User Input
2) *_pri
3) *_hay
4) * _crop
Land Use/Land Raster 1) LULC_WRIA10.tif Initial LULC raster accessed from
Cover 2) LULC_WRIA10_pri.tif http://datagateway.nrcs.usda.gov
3) LULC_WRIA10_hay.tif Subsequent rasters manipulated by
4) LULC_WRIA10_crop.tif group
Uncertain CSV Table uncertainty_carbon_pools.csv Derived from Natural Capital Project’s
Carbon Pools sample table
Confidence Numeric [ - User Input
Threshold

Table 4. Carbon Sequestration Inputs

All scenarios are introduced in the order that they were run. Scenario one involves analyzing the current
Land Use/Land Cover (LULC), scenario two analyzes the lands deemed as conservation priorities, scenario
three analyzes the carbon sequestration if all hay/pasture land were converted to developed land, and
scenario four analyzes if all hay/pasture and croplands were developed. These are the same LULC rasters as
used in the Nutrient Retention model. Each of these is given the suffix detailed above to differentiate the
results within the workspace’s output table.

The Uncertainty Carbon Pools table (Table 5) extends the sample table also provided by InVEST for the
model’s uncertainty analysis. In this analysis, the carbon pools are given an error buffer by including the
standard deviation. In doing so, the result depicts a confidence level that can indicate the most likely
amount of carbon that can be sunk into a given environment. However as all things are not exact, the table
utilizes standard deviation to indicate the progressive likelihood that an environmental feature will
continue to take on carbon from the surrounding environment. During our evaluation of the environment,
the model was run at 90% confidence. This means that elements within the environment are 90% likely to
sequester the calculated amount of carbon.

The table below is based upon the uncertainty carbon pools table provided with the InVEST models at the
time of download. However, the sample table is far more in-depth and includes classes such as a
breakdown of forests by age and more types of agricultural. For instance, multiple fields in the original
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table dealt with the carbon retention of coniferous trees by age while the LULC analyzed made no age
distinction of fauna. We have therefore chosen a more conservative route and took the lowest reasonable
value for a given field rather than averaging similar fields. This was done to mitigate the potential error of
over-averaging for areas such as a partially clearcut field; while the field might be composed of mostly
saplings with sparse old growth, averaging the two variables would provide a false variable.

Class Class MEAN STANDARD DEVIATION
Name Code ABOVE BELOW SOIL DEAD ABOVE BELOW SOIL DEAD
Water 11 0 0 0 0 0 0 0 0
Snow/Ice 12 0 0 0 0 0 0 0 0
Developed, Open 21 0 0 o 0 0 0 0 0
Space
22 0 0 0 0 0 0 0 0
Developed, Low
Intensity
Developed, 23 0 0 0 0 0 0 0 0
Medium Intensity
24 0 0 0 0 0 0 0 0
Developed, High
Intensity
Barren 31 0 0 0 0 0 0 0 0
41 10 7 76 2.5 2 1.4 15.2 0.5
Deciduous Forest
42 13 28 95 2 26 56 19 0.4
Evergreen Forest
43 10 7 76 2.5 2 1.4 15.2 05
Mixed Forest
Shrubland 52 8 8 25 3 1.6 1.6 5 0.6
Grassland 71 6 b 20 2 1.2 1.2 4 0.4
81 5 4 23 1 1 0.8 4.6 0.2
Hay/Pasture
Agriculture 82 3 2 10 0 0.6 0.4 2 0
90 7 3 25 0 1.4 0.6 5 0
Woody Wetland
Herbaceous 95, 10 5 20 0 2 1 4 0
Wetland

Table 5. Uncertainty Carbon Pools

There are two outputs of the Overlap Analysis model. The high use frequency output of the Overlap
Analysis model runs for Trail Scenarios 1 and 2 can be seen in Figure 17. Additional output from the
model depicts the importance score for each of the two scenarios. For the moment, we have chosen
not to explore this aspect of the Overlap Analysis Model because we lacked sufficient guidance and
time to determine appropriate inputs parameters.
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High Use Frequency in the Lower Puyallup Green Heart
Current Trail System ROSS Proposed Trail System

Puyallup Downtown Puyallup Downtown

South Hill South Hill

Legend

D Lower Puyallup Green Heart
High Use Frequency

N
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I -

K

I - ,X

N

Duwamish - Green

Puyallup - White

Urban Centers Nisqually

Map shows output of the INVEST Overlap Analysis
model. Input data from ROSS Project Database 0 5 10 Miles beschute: Cowlitz
Map by Christy Heaton, Group 5, 8/19/14 | LChéhali SourgeS, Esri. USGS! NOAA

Figure 17. Overlap Analysis Results, High Use Frequency

There are three outputs of the Nutrient Retention model, two rasters and one polygon. The two rasters
represent nitrogen and phosphorous export at the pixel level. The polygon represents the same watersheds
used in the input of the model and has attributes representing nitrogen and phosphorous retention and
export.

The nitrogen export at the pixel level output for Land Use/Land Cover scenarios 1, 2, 3, and 4 can be seen in
Figure 18. Scenarios 2, 3, and 4 all show an increase in nitrogen from Scenario 1. Scenario 2 shows the
greatest increase with 104.11 additional Kg of nitrogen ending up in streams. Scenario 3 follows with 33.56
Kg and the least increase is in Scenario 4 with 18.38 Kg.

The phosphorous export at the pixel level output for Land Use/Land Cover scenarios 1, 2, 3, and 4 can be
seen in Figure 19. Scenarios 2, 3, and 4 all show an increase in phosphorous from Scenario 1. Scenario 2
shows the greatest increase with 29.53 additional Kg of phosphorous ending up in streams. Scenario 3
follows with 16.25 Kg and the least increase is in Scenario 4 with 8.99 Kg.
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Difference in Nitrogen Export from Scenario 1
Scenario 4

Scenario 2

Scenario 3

Total Additional /
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Scenario 1: Current Land Use

Scenario 2: Prionity Agnicultural Land as defined by the
ROSS project is Converted to Developed,
Medium Intensity

Scenario 3: All land use cells currently designated as
Hay/Pastura in Lower Puyallup Green
Heart is Converted to Developed, Medium Intensity

Scenario 4: All land use cells currently designated as

Hay/Pasture or Cultivated Crop in Lower Puyallup Green

Heart is Converted to Developed, Medium Intensity
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Figure 18. Change in Nitrogen Export
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Difference in Phosphorous Export from Scenario 1
Scenario 2 Scenario 3 Scenario 4

| ; - - S :
N§ SN1§ AN
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Total Additional f Total Additional i Total Additional /
Phosphorous ( Phosphorous f Phosphorous I|'
Exported to Streams: \ Exported to Streams: | Exported to Streams:
29.5 kg i \ 16.26 kg 8.997 kg
),
Scenario 1: Current Land Use The INVEST Nutrient Retention Model Difference in P Export Flchonds
was used to produce all results. Data . .
Scenario 2: Prionity Agnicultural Land as defined by the  comes from: Kg/pixel o R L ond
ROSS project is Converted to Developed, - 555 - 1,145 """I'"'I"f“""‘!
Medium Intensity ROSS Project Database I:I 115 - 0.20 Brementon SCaltle
Geospatial Data Gateway T Tukwilp Kenton
Scenario 3: All land use cells currently designated as Washington State Dept of Ecology |:] -0.29-0
Hay/Pasture in Lower Puyallup Grean Geomorphological Research Group l:l 0-074
Heart is Converted to Developed, Medium Intensity CGIAR CSI e ) . Tacoi ubum
The Nature Conservancy m 0.74 -2.06 iversity Place ] Enumé
Scenario 4: All land use cells currently designated as - ! '\'
Hay/Pasture or Cultivated Crop in Lower Puyallup Green 2.06 -5.05 e "‘ E
Heart is Converted to Developed, Medium Intensity Map by Christy Heaton, August 19, 2014 l: Lower Puyallup Green Heart -Acey

Figure 19. Change in Phosphorus Export

Given the results of the carbon sequestration (Figure 20 below), it is clear that any development that does
not result in the creation of new green space results in a sequestration lost. The lands presently categorized
by the ROSS Project as priority agricultural lands would result in a higher sequestration loss as the flora
elements within this feature are capable of sequestering greater amounts of carbon than the hay and/or
pasture fields. Unfortunately, clearer measurements regarding the precise Mg’s or tonnes of carbon
sequestration loss are not made available by the model until a valuation is run against a future scenario,
detailing the amount of loss over time.
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Difference in Carbon Sequestration from Scenario 1
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Figure 20. Reduction in Carbon Sequestration

Synthesizing, visualizing, and communicating the results of these analyses is a crucial element of the ROSS
Project and its goals to influence decision-makers and encourage stewardship. The traditional media of
print and digital (static) maps, tables, charts, and other infographics are useful communication tools.
Indeed, the ROSS Project has assembled a number of very rich comprehensive plan and actions reports
which contain several illustrative maps. However, we feel using a more interactive approach would have a
greater impact. Using ESRI’s ArcGIS Online Story Map platform, we chose to present the system, highlighted
projects, and initial model results in a Tabbed Viewer application, also known as Text and Legend (see
Figure 21).

One major advantage of using a Tabbed Viewer application is that you are able to present several maps
side-by-side which can be spatially-linked, meaning as you pan or zoom around one map, maps on other
tabs in the application essentially “follow.” It makes it easy to compare results at large and small scales. The
ability to add pop-up information to specific features in the display provides another avenue for
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information dissemination that static maps just do not provide. Access to measuring tools is also a helpful
feature of web mapping as is the flexibility in choice of basemaps.

@ Puyallup-White Wat: x §__ % & &
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Puyallup-White Watershed Open Space Strategy

Utilizing ecosystems services modeling to e/ valuate existing and proposed activities and projects and to provide tools to aid in accomplishing regional open space
objectives. Case study: Lower Puyallup Green Heart Strategy.
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Figure 21. ESRI ArcGIS Online Story Map Application

Setting up the Story Map application is relatively easy and does not require someone with a lot of GIS skill
to accomplish. However, this particular application does one very crucial limitation. The end-user is unable
to control layer visibility, i.e., turning layer display on or off. In this regard, the guidance of a GIS user or
cartographer would be helpful in ensuring that maps are constructed in a meaningful way using best
cartographic practices.

While interesting to view the overlap of current land uses and how this compares to a potential expanded
trail network, the outputs of this model do not provide much additional insight into how the
implementation of the new expanded and connected trail system would benefit society. Differences in the
two scenarios are subtle and predictable.

This model is inherently simple and does not provide much insight into human behavior of the different
scenarios. Given the particular interests of this project it is interesting to see where several activities
overlap, even if this does not provide hard evidence that an expanded and connected trail network should
be built.
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The results of this model were unexpected. This may be due more to the way the model runs and the
particular nutrients in question than what would occur in reality in the study area. Discussions with
project sponsors suggested that nutrient export would increase, with Scenario 2 producing the least
difference, increasing for Scenario 3 and being highest in Scenario 4. The issue may be in that the
model considers Cultivated Crops to add a significant amount of nitrogen and phosphorous to the
environment in the form of pesticides. Converting this value to Developed, medium intensity therefore
does not demonstrate a large difference in nutrient export. The model does not consider the fact that
many farms in the area may be of a sustainable and/or organic nature and produce much less pollution
than a more typical factory farm. There may be other nutrients that would be better suited to this
analysis as well other than nitrogen and phosphorous. Perhaps a different type of nutrient would
increase as expected given these scenarios.

All models make assumptions and cannot take into account the complexity of reality. It should be noted
also that this model was used by project managers and GIS analysts, not area experts, chemists, or
environmental scientists. This model is complex and therefore would have produced better results with
the consultation of someone with a background on the area of interest as well as the process of what is
being modeled. Therefore, many assumptions were made in the inputs, and each time there is an
assumption made additional uncertainty is added.

Additionally, there are several limitations to this model in the documentation. This model was
developed for use in landscapes with predominantly a saturation excess runoff hydrology and may be
less applicable to locations where the hydrology is determined by rainfall intensity such as areas with
flash flooding. The model could be modified for use with a different hydrology, but that was not the
focus of this report. The focal scale of this project does have the recommended hydrology for this
model.

This model was not designed to address chemical or biological interactions that may occur from the
point of loading to the point of interest besides filtration by terrestrial vegetation. Nitrogen and
phosphorous inherently degrade over time and distance through interactions with the air, water, other
pollutants. This is just one example of the ways in which this model simplifies reality and therefore adds
uncertainty to the output.

The model assumes that there is continuous water flow through the landscape and does not account
for drainage, ditches, or shortcuts in the flow of nutrients and pollutants to streams.

All other factors being equal, the increase in development associated with a change in land use to
Developed, Medium Intensity will result in an increase of carbon dioxide within the surrounding
environment. However, it stands to reason that an increase in development also results in a corresponding
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increase in human activity. Therefore the amount of carbon loss is compounded by not only the amount of
carbon naturally lost from the environmental change. To reduce this potential threat, an increase of
unprocessed environmental factors, i.e. agriculture, flora, etc. must be introduced back into the system.

Everything within an ecosystem has some level of intake for carbon dioxide and carbon monoxide at
varying rates, but any LULC will consolidate these elements for ease of use. This can be problematic when
utilizing the sample tables provided with the model, resulting in a loss in translation where some elements
become lost while other areas become misrepresented by being consolidated with other elements. In our
translation of the table to function with our input LULC, we decided to take a conservative approach with
the carbon levels and chose the lowest possible values that might be sequestered. In doing so, we
prevented the possibility of averages misrepresentation, i.e. an equal average is assumed despite the
reality being extremely one-sided. A majority of the Carbon Sequestration model’s capabilities rely on its
ability to conduct a future scenario and will garner more results. However, while alternative scenarios were
utilized throughout this project, they are not considered future scenarios; the model is stringent about the
temporal scale given to each scenario and there was no specific timeline provided.

For this project, we have not developed a business case per se. Instead, we again emphasize our
recommendations moving forward with evaluating and communicating the value of open space and
ecosystems services to stakeholders, decision makers, and the public as a whole. We recommend
utilizing INVEST models such as Nutrient Retention, Carbon Sequestration, and Overlap Analysis, which are
the foundation of this report, as well investigating other InVEST Ecosystems Services models such as
Sediment Retention and Habitat Quality, with guidance from area technical experts to aid in valuing open
space at the watershed level. Additionally, any analysis of floodplain changes resulting from changes in
hydraulic structures, such as the proposed levee setbacks along the Lower Puyallup River, should begin with
a future scenario (“with project”) hydrologic and hydraulic analysis using appropriate software such as the
U.S. Army Corps of Engineer Hydraulic Engineering Center’s HEC-RAS and HEC-HMS. While Esri’s
GeoPlanner tool would be a good way to analyze the results of the InVEST models and modify proposed
open spaces, it was not used in this project due to time constraints and access to the software. We also did
not consider the financial valuation of models, since this is not the focus of the ROSS project, though
inclusion of financial valuation in the future may be useful and compelling. Finally, we advocate using web
mapping - particularly the Story Map application — to disseminate results. Story Maps are relatively easy to
prepare and do not require someone with a lot of GIS skill to make. However, we would advocate that
someone with cartographic knowledge at least work in an advisory capacity to ensure best practices are
employed in creating these interactive displays.

This project merely scratches the surface of what is possible with ecosystems services modeling, valuation
of open space, and visualization. A great deal of work remains to turn these test case scenarios into truer-
to-life scenarios with actionable results. However, we were able to demonstrate that these models can be
run with the data the ROSS has available and can be of value as they promote initiatives to preserve and
enhance open space in the Central Puget Sound Region.
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Recommended Course of Action

Through the course of defining a new method to estimate the amount of canopy that might
possibly be remove from routine tree trimming by Seattle City Light we learned a lot of valuable lessons
and have gained insight on how our methods can be used in the future. The methods and tool provided
from this project can be implemented with more current data to get a more accurate estimation of total
canopy cover. Also, by evaluating the inequity that exists throughout the greater Seattle area in relation
to susceptibility to canopy loss we have established a base in which areas of concern can be identified.
We recommend that Seattle City Light use these design, methods, and results to build from. First by
obtaining more accurate data by recording trimming, using more robust tree inventory data to create
samples to extrapolate from, and a GIS to manage all the data in relation to all this analysis.
Introduction

The world’s population continues to migrate to urban locations and as a result an increased
emphasis has been placed on maintaining, creating, and protecting urban forests. The urban forest and
trees in general have been shown to benefit not only the biophysical but the economic and social
systems they are a part of. The construction of city infrastructure to sustain its populations has left a
large impact on the urban forests. As knowledge about the positive impacts of the urban forest and its
ability to assist in sustaining healthy cities grows, more pressure is placed on city officials to maintain the
urban forest and provide the necessary services to its residents. In regards to the services that the
urban forest and tree canopy provide forester Dan Northrop (2013) stated, “It is becoming increasingly
clear with each passing day that these services are critical to the health and well-being of our expanding
urban population. In light of these findings, the conservation and restoration of these urban and
interface forests must now be seen as a fundamental goal of any viable public works program or land-
use planning process.” (pp. 1) At the forefront of cities with this fundamental initiative is Seattle,

Washington.





Seattle City Light (SCL) is a public utility that provides the electrical power to Seattle and a few
other cities north/south of its boundaries. It is the 10" largest public utility in the country. SCLis
committed to not only providing power in a safe and efficient manner, but they strive to also manage
the vegetation that their utility network impacts (Bayard, 2014). Seattle is a city that prides themselves
on their iconic green status and embraces its status as the “Emerald City” (Mapes and Mayor, 2014).

SCL is aware of the amount of trees that are removed and planted across its service area every year.
Although the amount of trees that are planted and removed each year is accounted for SCL does much
more that impacts the tree canopy throughout its service area. SCL trims over 100,000 trees on a 4-year
cycle. This activity accounts for a lot of the work that the department does on a regular basis but is non-
existent in any analysis of the impacts that the department has on the city, people, environment, and
overall aesthetics of the urban forest found within its service area. David Bayard, arborist for SCL, is our
sponsor for this project. He has expressed the concern that SCL’s vegetation management has in
regards to the impacts of the entire tree trimming to allow for clearance of their high-voltage power
lines. Itisimportant to look at the picture as a whole to understand all the possible negative and
positive influences that SCL has on the community it serves. Figure 1 gives an overview of all the socio-
ecological systems that are involved in relation to SCL’s impact on the urban forest. More generally it
discusses the impacts of tree canopy for SCL and its surrounding systems. Understanding the impact
that tree trimming for utilities helps fill any void in SCL’s view of their entire system. To better
understand the impacts that trees have on the systems around it, it is critical to not focus on one aspect
of it. Professor Coder in his article about community tree canopy loss stated, “If you cannot see the
whole picture (and its integral parts) in a community, then you understand community changes it only
through a biased and limited sampling of areas . .. The more compartmentalized you are within your
community, the less effective you can be in understanding natural resource changes like trees impacting

whole community life.” (2011, pp 1). SCL is trying to look at the total impact they have





Social-Ecological Systems Table | Goal: Assessment of the Impact of Canopy loss on the City of Seattle.

Geographically Biophysical

Economic

Social

I
v
% Impacts on carbon Trees reduce heating and
© sequestration capability, flood cooling costs, improve air .
= z control, ability to reduce quality and cleansing, help Urban forest.s INErEEE [Peping)
T2 3 pollution, impacts on green increase consumer patronage, values, prowc'lt? cultural services
s © house absorption- climate boosts occupancy rates of to communities. (Jones et. Al
(%) 2
= ° £ change offices. ( Center for Urban 2013, Rowntree 2008)
US_ (Jones et al. 2013; Rowntree Horticulture UW College of
v 2008) Forest Resources)
o
o]
<
©
o
3 he urban f | |
= o The urban forest plays a role in
£ 3 Well placed trees can . th plgz il H Values: |
2 e R ———— saving more than 12.2 million uman Values: less canopy
5 2 and walls i’nto dollars annually by removing impacts on outdoor activity i.e. to
% © more aestheticall pollution, from carbon storage, walk outdoors in parks becomes
A ;‘ leasin environmezts and reducing energy costs in less desirable, outdoors becomes
® S (pDan Bugrden Ma 200(;) residential building (Ciecko, less inviting i.e because of crime
2 2 e Tenneson, Dilley, and Wolf 2012)
©
(¥}
(%]
o
>
3
4 . .
N v} . Trees Provide social
) E? Emotional Impacts, costs to R,
c B ’
i’o 3 Trees reduce wind speeds c;‘:]r:mucr:\tl‘é:'ﬁ:h’“:z::::e addition to contributing to
= S and reduce noise levels Py » may ) aesthetics, public health and
Q o . AT blood pressure, breathing and .
© oz adding to the livability of well-being, property values,
& < . related health problems . -
- @ urban environments. U AT s and community stability
,qg) 9 ;002) (Tyrva“inen et al. 2003; Wolf
[
g 2004)
o
c
©
o

Figure 1 Social Ecological Systems Table

on the community not simply one aspect of it. The difficulty is that the ability to analyze the amount of

trimming as an aggregate across the entire service area is difficult.

For this project we will be looking at methods to estimate the amount of tree canopy that is

impacted by SCL’s trimming of trees. Our objectives include designing a model that will serve as a

starting point for analyzing canopy loss due to trimming. Along with estimating the amount of canopy
loss we will be looking at social inequality in relation to these activities. For SCL to fully understand the

impacts that its actions have on the community it will be important to incorporate what has been





previously unaccounted for, trimming a lot of trees. Our design, methods, and analysis were all focused
around helping SCL include canopy loss due to trimming into their method for evaluating the net impact
they have on the different systems in their service area.
Design & Methods

There have been various studies conducted the tees, tree canopy, and the effects they have on
the natural, social, and economic environment surrounding them. There are many foresters, arborists,
scientists, etc. that have identified methods to assign a value to a tree. There have also been multiple
studies that look at the benefits of trees as far as home values, health, ecosystem services, aesthetic
quality, etc. However when it comes to evaluating the value of a tree that has been trimmed, this has
been done on an individual tree basis (Hoyer, 2013). For our project and to assist in fulfilling our
sponsor’s requests we have designed a project to look at trimming trees at a much larger scale. We are
also interested in looking at the social equity involved in the areas located within SCL’s service area. We
have designed two approaches.

Canopy Estimation

The first major obstacle in designing a method for evaluating the quantity of tree canopy
impacted by SCL trimming for their feeders was obtaining data to represent the tree canopy. The
percent canopy cover from the USGS 2011 layer was used in our first approach at evaluating the amount
of canopy that SCL feeders affect. Figure 2 shows the model used to calculate the amount of canopy
that could reside within a critical distance of each feeder. The percent canopy layer is a Digital
Elevation Model (DEM) that contains a value for the percentage of canopy in each cell. This value must
be converted to an integer to convert it to a vector data polygon layer. Once the percent canopy layer is
converted to a polygon the area can be calculate for each grid. From the calculated area now a total

area of canopy per grid can be derived by using the value, in our case the field was named “gridcode”
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containing the value, multiplied by the total area. With the feeders layer, “OH_Feeders” Figure 2, a
buffer is created for the input clearance distance by the user. For our study we looked only at a 10 Ft.
clearance distance from the high-voltage lines. Once the amount of canopy is calculated and the
clearance buffer is created the canopy grids which intersect the clearance buffer are selected for further
analysis. With the selected canopy we can now identify the feeder line that it is nearest too, calculate
the total canopy per feeder, and obtain a total canopy grid layer with the total area of canopy per
feeder. We joined this result table to the “OH_Feeders” to get the result layer that is only has the area
per feeder from qualified areas that intersected the feeder (Figure 2). The actual feature classes are
named differently in the file geodatabase, but in Table 1 in Appendix A it outlines the file geodatabase
with its associated name and description.

Our second and more detailed approach at analyzing the amount of canopy that could possibly
have to be trimmed by SCL workers involved creating two Python script tools. The purpose for creating

two script tools is that we can provide an easy user interface for users to simply add their own layers to





run the analysis on. To get a more accurate representation of trees that would fall within the clearance
distance of the feeder we obtained LIDAR data from the Puget Sound LIDAR Consortium (PSLC). The
data consists of a 6 ft. resolution base and top surface height DEM for the Puget Sound region from
2000 (PSLC, 2014). Figure 3 below shows the python script design for accomplishing the first task in
using the PSLC data, getting the selected canopy cells.

As seen in Figure 3 there is a lot more involved in evaluating the 2000 height data. To begin
with the base DEM is subtracted from the top surface DEM using the minus tool in ArcToolbox. This
creates a result DEM that now has the height of each cell from the ground. After the height DEM is
created the DEM must be converted to an integer value so that it can be converted into a vector
polygon layer. We multiplied the value (height) by 10000 using the “Times” tool to preserve the decimal
places up to 6 locations. Once all of this is converted to a polygon then the value is converted back to a
double with its accurate height in feet above the ground. On the bottom portion of Figure 3 the second
step in this analysis is using the feeders layer “OH_Feeders” and the street work layer “Street_Network”
to calculate which type of road the feeder would run along. We need to know the type of road the
feeder coincides with because if it is an arterial road than the height used to evaluate the high-voltage
power is 45.5 ft. If the feeder is along a non-arterial road than the height used is 40.5 ft. Figure 1in
Appendix A shows the pole and line heights used to derive these heights for each pole. We split the
feeder layer into individual segments and identified the nearest street with the near tool in ArcToolbox.
Primary arterial roads were identified with a “1” in their “FEACODE” attribute column. All feeders
nearest to a street with “FEACODE = 1” were classified as an arterial feeder while the remainder were
classified as non-arterial. We used our height polygon to select grids that were within 10 ft. of each type
of feeder. A feeder is always trimmed 15 feet above and then whatever the desired distance input by

the user laterally and below. Using the height qualifiers we further refine our selection of valid height
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grid cells. The results are joined together, duplicates are removed, and we are left with our final

qualifying height grid cells.

Once all the qualifying areas are determined identified the next python
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script tool calculates the area of each and all the feeders that might have canopy that would be
trimmed. Figure 4 shows the second Python script tool workflow. It simply takes the qualified height
grid, clips it to the input clearance distance the user inputs and calculates the amount of canopy for each
feeder. The results are joined back to the feeder layer and dissolved to come up with the final resulting
feeder layer that has the total area of canopy that would fall within the clearance distance and therefore
need to be removed.

To assist user in implementing these two Python scripts a tool box was used to store the tools.
There are two Python script tools that have Graphical User Interfaces (GUI) for users to input data.
Figure 4 shows the interface and inputs to run the first tool. The user has to put in a base height raster
DEM, a top surface raster DEM, a feeder feature class, a streets feature class, the desired clearance they
want to use to do their evaluation, and output locations for the resulting layer. Figure 5 is the GUI for
the SCL Calculate Canopy Net Impact Python tool. It takes the result qualified canopy height feature
class from the SCL Get Selected Canopy Cover Tool, the feeder feature class, a desired clearance input
(needs to be the same for both tools to get consistent results), and a folder or geodatabase location to
save the results into. It is important to note that all the inputs should have the same spatial reference,
the DEMs should have a value of “gridcode” and the streets need to have a “FEACODE” in the attribute

table to help produce consistent and more accurate results.
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Figure 6 SCL Calculate Canopy Net Impact GUI
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Inequity & MCE Analysis
Urban forests provide important ecological benefits by modifying urban climate, improving air
quality, storing and sequestering carbon, saving energy, decreasing storm water runoff, and increasing
biodiversity and providing wildlife habitat. Urban forests also provide social benefits to urban residents
such as improving urban aesthetics and reduction of stress, crime and traffic speed. Uneven distribution
of urban forest across a city and its residents can create inequality (Akbari et al.2001; Nowak et al.

2006).

In this research project, we studied the level of inequity and social justice to determine socioeconomic
status by tract and observed this distribution across the study area and determined vulnerable census
tracts regarding to inequity index. Purposes of the index is to assist SCL identifying areas of concern to
make more informed and effective decisions in regard to future trimming regimes, tree removing, tree
planting and utility maintenance. For this analysis, we employed multi-criteria evaluation analysis (MCE)
and developed an inequity index with nine most important criteria. These criteria were driven and
selected from multiple potential alignments in the threshold matrix and documents provided by our
sponsor. The threshold matrix includes potential variables representing biophysical, economic and social
aspects at three different scales (King county, Seattle City Light service area and a census
tract/neighborhood). These thresholds can be seen in Figure 7. The study relies on the 2010 census data
at tract level in Seattle City Light service area. By intersecting the King county census tract with buffered
feeders (100 ft. buffer for overhead feeders), 168 census tracts were exported to evaluate their inequity
levels.

The selected input variables are combination of four major criteria, namely race, income, population
and percent canopy cover and five minor criteria, namely numbers of tree removed, numbers of tree
planted, percent of green space, proximity to industrial centers, and proximity to hospitals. Table 1

shows the list of selected criteria.
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!

Figure 7 Threshold Matrix
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Race

Income

Population

Proximity to Industrial Centers

Proximity to Hospitals

% Canopy Cover

% Green Space

Number of Trees Removed

Number of Trees Planted

Table 1 Nine Selected Criteria





Race: Trees improve the quality of life for all urban residents. The benefits of urban tree canopy
cover are distributed equally among white and non-white residents. Race is a common indicator of
inequality in urban environmental studies. For race we used percentage of minority/non-white
population. Greater values indicate higher priority.

Income: Trees improve the quality of life for all urban residents. The benefits of urban tree
canopy cover are distributed equally among residents with all income levels. Studies have shown that
median household income and wealth are directly related to neighborhood tree cover. Income defines
the possibility of spending money towards planting tree. The spent money on planting can be either in
form of direct investment or taxes paid to the city. Unlike the other variables used, lower values of
median household income indicate higher priority.

Population: Planting more trees/trimming less will improve environmental quality and provide
public benefits and it shows higher impact in highly populated areas. Population includes all people,
male and female, child and adult, living in a tract as defined by the U.S. Census Bureau. Greater values
indicate higher priority.

Percent canopy: In order to determine if uneven distribution of canopy cover exists across tracts,
we used the percent canopy cover as a function of socioeconomic variables to be able to compare
canopy between tracts and all other criteria. Unlike the other variables used, lower percent canopy
cover indicates higher priority.

Number of trees removed: The sum of number of trees removed by tract is used to measure the
need for planting. Areas with higher values are prioritized for more tree canopy/planting. Tracts without
tree removed are left zero. Greater values indicate higher priority.

Number of trees planted: The sum of number of trees planted by tract is used to measure the need for

planting. Areas with lower values are prioritized for more tree canopy/planting. Tracts without tree

15





planted data were imputed by average number of trees planted in the city of Seattle area. Unlike the
other variables used, lower number of trees planted indicates higher priority.

Green spaces: The rational for tree canopy/planting in and around existing green spaces is
similar to the reasoning behind the number of tree planted variable. Planting trees in the area with less
green spaces improve the inequity. Parks and wetlands data were merged together and normalized by
tract area. Lower values indicate higher priority for tree canopy/tree planting.

Proximity industrial: Trees improve air quality directly and indirectly by reducing ambient air
temperatures, removing air pollutants and by reducing the energy demand from cooling buildings
(Akbari et al.2001; Nowak et al. 2006). Distance of industrial centers is used as an indicator
measurement of air pollution. Lower values indicate higher priority for tree canopy/planting.

Proximity to hospital: Several studies have shown a positive relationship between patients’ recovery in
hospitals and proximity to trees and green space in urban areas. Lower values indicate higher priority for
tree canopy/planting.

Data for this analysis come from a variety of sources, such as the King County GIS center, the
City of Seattle (WAGDA) and Puget Sound Regional Council. Pre-processing includes clipping, merging,
spatial join, intersecting was done to develop data for analysis. A workflow diagram showing pre-

processing steps is shown in Figure 8.
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Figure 8 MCE Workflow
Statistical Analysis Methods

To run multi-criteria analysis with so many variables of different units, we first checked for
distribution normality. The distribution of total population, income and percent canopy cover across
tracts are normal. However, most of the variable distributions were positively skewed. To make analysis
more reasonable and be able to compare and combine different indicator categories easier, we used z-
scores to standardize all variables which are raw scores converted to standard deviation units. The
standardized variables can then rank and weight relative to their importance. To convert data to

standard units for each criterion, z-score were calculated by the following formula:

X=a raw value to be standardized

mean

=
1

o= standard deviation
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Some z-scores are multiplied by (-1) when a higher value means a lower priority, namely
income, percentage of canopy cover, percentage of green spaces, number of trees planted, proximity to
industrial centers and hospitals. In order to address inequity concerns, a tract with low income
represents higher priority for having trees and tree canopy while a tract with a high income would
reflect a lower priority tract. Similarly, an area with high green space percentage would reflect a lower
priority tract.

We calculated the percentage of minority/non-white population by subtracting the percentage
of white population from 100%. We selected the tree removed/planted since 2003 and the planted
trees in fair, good and excellent condition. Wetlands and parks are identified and combined as green
spaces. From two different sources manufacturing and industrial centers data were downloaded and
combined to be a single shapefile as the industrial centers. We created columns for each variable in
ArcMap that count each variable at the tract level.

We used intersect tool as a GIS tool to identify the number/amount of features of interest in
each tract and we calculated the sum of number/area of a feature of interest in each tract by using
summary statistic tool. Next, we joined the output tables of the summary statistic with the tract10
shapefile by tarct-ID. There were four criteria used in the intersect analysis: percent of canopy, number
of tree removed, number of tree planted, and percent of green spaces.

Near Analysis as a GIS analysis method is used to calculate the distance of each tract from a
feature of interest. There were two criteria used in the near analysis: proximity to industrial centers and

proximity to hospitals. Figure 9-11 show the distribution of each criteria based on z-score.
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Main 4 Criteria for Inequity Index
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Figure 9 Main 4 Criteria z-Scores
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Criteria for Inequity Index
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Figure 10 Additional Criteria
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Criteria for Inequity Index

Proximity to
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Figure 11 Final Criteria for Index

Rank:

Once all of the variables have been converted to standard units, they were assigned a rank risk
of inequity from 1-5 based on z-score ranges. A value of 1 represents the lowest risk and 5 represent the
highest risk.

The highest risk (rank 5) tracts are tracts with highest minority percentage, lowest income,
highest total population, lowest canopy cover percentage, less green space, highest number of tree
removed, lowest number of tree planted, closest to industrial and hospitals. This decision was based on

the concept of inequity and social justice.
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Weight:

We ordered criteria based on relative importance of criteria. We then manually defined weights
for the criteria out of 100 to only show the important criteria from SCL perspective. We applied four
different methods including sum ranking, reciprocal ranking, rating and pairwise comparison methods to

achieve the accurate weights. Table2 shows the all results of different weighting methods.

Rank Sum Rank Reciprocal Rating Pairwise Manually
methods comparison
defined
Straight Inverse  Normalized Reciprocal Normalized Rate Weight Weight Weight
Rank Rank(n- Weight*100 Rank (1/r) Weight*100
Criteria r+1)
Race 5 ¢ 10 3 =57/ 1 23.33 100 21.8 19.5 24
Income 1 10 13.7 1 23.33 100 21.8 19.5 24
Population 2 9 12.3 0.5 11.67 60 13 14.64 12
% Canopy Cover 2 9 12.3 0.5 11.67 60 13 14.64 12
% Green Space 3 8 11 0.333 7.9 40 8.7 9.76 8
Number of Trees Removed 4 7 9.6 0.25 5.8 30 6.5 7.32 6
Number of Trees Planted 4 7 9.6 0.25 5.8 30 6.5 7.32 6
Proximity to Industrial Centers 4 7 9.6 0.25 5.8 30 6.5 7.32 6
Proximity to Hospitals 5 6 8.2 0.2 4.7 10 Z2 0 2
73 100 4.283 100 460 100 100 100

Table 2: Inequity Index

In Rank method, criteria first arranged in straight rank order 1 to 5 where the rank 1 shows the
most important, 2 next important, and 5 the least important one. There are different methods to drive
weights after ranking such as rank sum, rank reciprocal, rank exponential. In this research project, rank
sum and reciprocal methods were used. To produce the inverse rank values in rank sum method each
criterion’s rank subtracted from the sum of ranks and then summed with 1:

Inverse Rank = n-rj+1
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Each criterion’s rank was reversed to produce the reciprocal rank values in rank reciprocal:
Reciprocal Rank = 1/r

Then the weight for a criterion in rank sum and rank reciprocal methods was calculated by
dividing the inverse/ reciprocal rank of that criterion by the total score of all criteria and multiplied 100.
In Rate method, each criterion is assigned a rank 0 to 100 based on a relative scale of importance and
number 100 was assigned to the variables with the highest importance (race and income) and number
10 to the variables with the least importance(proximity to hospitals). The weight for a criterion was then
calculated by dividing the rank of that criterion by the total score of all criteria.

In Pairwise comparison method, we created a ratio matrix where every criterion was compared
with every other and each cell was given a criterion representing the most important. For two criteria of
equal importance we put both criteria in the corresponding cell. Table 3 shows the matrix. Next, for
each criterion we counted the number of cells containing the criterion flag letter (Table4) and for

weighting out of 100 we solved the obtained equation.

A AB A A A A A A A
B B B B B B B B
c CD c C c c E
D D D D D D
E E E E E
F FG FH F
G GH G
H H

Table 3 Criteria Change
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Criteria number of times of importance | Weight

Race (A) 8 8x2.439=19.5
Income (B)

Population (C) 6 6x2.439=14.64
Percent canopy (D)

Percent green space(G) 4 4x2.439=9.76
Number of trees removed (E)

Number of trees planted(F) 3x2.439=7.32

Percent green space(G),

Proximity to industrial centers (H)

Proximity to hospitals(l) 0 0

Table 4 Criteria Times
100=8x+8x+6x+6x+4x+3x+3x+3x ->x=2.439

Between results of all examined weighting methods, we chose the Rating method because its
result is the closest to desired weights outlined by our sponsor.
Once all of the variables have been weighted, we calculated a score for each criterion by following
formula:

Rank; . Weight;. Score;
Each tract receives a total score by summing all criteria scores:

Total_Score = Y}}_; Score n= number of criteria
After calculating a final score for each tract unit, a final inequity ranking map was generated

(Figure 12).
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Results
Canopy Estimation
The results for area within a 10 Ft. clearance distance of each individual and all feeders were in
square feet. The amount of canopy is much larger looking at our first approach using the 2011 USGS

percent canopy cover dataset (Table 5). Table 5 shows that there was over487.58 million square ft. of

Summary Statisitcs SCL Service Area & Canopy: 2011 USFS Percent
Area Total Area Sq. Ft. Total Area Acres
(Million)
SCL Service Area 2558.56 58736.59
Canopy 487.58 11193.25
Possible Canopy Impacted from Feede 197.69 4538.25

Table 5 Results from Percent Canopy Dataset

canopy found within SCL’s service layer in 2011. The model produces an estimate of over 4,000 acres of
tree canopy that might possible fall within the clearance distance of the overhead feeders. The results

for the 2000 LIDAR height data were much less in comparison to the percent canopy (Table 6). The

Canopy & SCL Feeder Results: 2000 LIDAR Height
Canopy within 10 Ft. Clearance Total Square Ft. Average Per Feeder Sq. Ft Total Acres Average Per Feeder Acres
All Feeders in Service Area 2018359.91 11872.71 46.34 0.27

Table 6 Results from Height Derived Dataset

total amount of canopy residing within a 10 Ft. clearance is 46.32 acres. The average per feeder is
indicated and shows how much impact the feeders may have across the entire service area.

Running the two models also produces results at the overall focal scale of our project. Figure 13
shows the results look like at a much finer scale. The dark green cells are canopy that within the
clearance height for an arterial road which is 35.5 ft. and 60.5 ft. The light green cells or portions of cells
are where the cell intersected with the 10 ft. clearance laterally but did not fall within the clearance of
the feeder. For this sample area in the north eastern portion of SCL’s service area there is a total area of

over 16,000 square ft. of canopy found within the clearance distance of the feeder.
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Identifying Canopy Within
a 10 Ft. Clearance of Feeders
on Arterial Streets

Average High Voltage
Feeder Height Ft.
45.5 = Overhead Feeder
Height Results Minimum Height Ft. Maximum Height Ft. - Canopy Within Clearance
Arterial Feeder Clearance | 35.5 | 60.5 Canopy Outside Clearance
Selected Canopy | 35.65 | 60.31

|:| 10 Ft. Feeder Clearance

- Arterial Street

Area Results Total Area Sq. Ft. Total Within Clearance Sg. Ft. |

Selected Canopy | 165578 | 1907.99 |
Building
[ scLsenice Area
E Census Tract
North East SCL Service Area
1 N
= 0 10 20 30 40
E o Feet

Soumes Chea-nmp £ nenl

Figure 13 Example Result from Height Dataset
Inequity & MCE Analysis
The comprehensive inequity map represents a combined score based on these weighted criteria
where the tract receiving the highest score (with red color) will be recommended for considering as at
most risk of inequity area. To ensure the assigned weights are sensible, we developed a scenario (zero
scenario) in which we considered all criteria to have equal importance, Therefore we attributed the
same weight out of 100 and compared the result map (Figure 13) with inequity ranking map (Figure 13)

of the basic scenario (scenario 1) where each variable were assigned proportional weights relative to

their importance.
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Discussion

Our study found significant spatial patterns of 9 criteria. We found significant clusters of both
minority (percent non-white) and income. In the north region of study area (SCL service area) the
minority is average, in the center is lowest and in south and south east is the highest. Income closely
follows this race pattern. In income map we can see the highest income area lies on shorelines mainly
where the property values are high and minority is lower. As we go to the south and south east part, the
median income decreases and it correlates to higher minority. Northern side shows the average income
that corresponds to average minority. In total population map, we have less specific trend but the most
notable point is that at industrial neighborhood the population is the lowest. The canopy coverage map
clearly shows the higher coverage at northern side, medium coverage in center and in the south part
and lowest in south east. By visually comparing these four maps as our four main criteria, we conclude
that most vulnerable areas for inequity are in south east of study area. The green space map shows
mainly a uniform distribution of green spaces across the study area. In number of removed trees map
we can see that in north and south more trees are removed but in the center fewer trees have been
removed.
It is important to note that we only had data available for city of Seattle number of trees planted. Thus
we Imputed non-data tracts to the average.

Comparing the removed and plant trees map we can find areas where more trees have been
removed and less trees have been planted or the other way around.
The proximity to industrial centers and hospitals clearly show the distance in miles from industrial
centers and hospitals.

By comparing scenario 0 and scenario 1 (maps 4a and 4b respectively) we can see that some of
the tracts in north and some in southeast will not change and yet have the highest risk of inequity. It

also shows that considering weighting can potentially change the outcome.
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Sensitivity:

A sensitivity analysis is a method to show and understand the stability and robustness of the
criteria and weights. For this project, we performed a sensitivity analysis to see the effects on the overall
results by changes in key variables. For this study, we developed five scenarios (table5).

The MCE analysis first tests the combined effects of the criteria on the response. Then sensitivity
analysis eliminates the four most important predictors one by one: without_Race (scenario 2),
without_Income (scenario 3), without_Population (scenario 4) and without_Canopy (scenario 5) and it
retains the four most important predictors and eliminates weakest predictors (scenario 6). Table 7
shows the all scenarios. A separate multi-criteria analysis is applied to the scenarios. After weighting the
criteria by rating method, a score was calculated. The inequity score was provided as sum of all scores.
The results of all six scenarios for each tract can been seen in appendix A.

The results of sensitivity analysis shows that chosen criteria are correct, however, weighting
process in sensitivity analysis that we employed was not necessarily accurate thus there are no

significant changes in outcome results was observed.

Weights
Scenario0 Scenariol Scenario2 Scenario 3 Scenario 4 Scenario5 Scenario 6

. {equal (basic {no-Race (no-Income (no-Population (no-Canopy (Primary)
Criterla weights) scenario) Scenario) Scenario ) Scenario) Scenario)
Race 11.11 21.8 X 27.8 25 25 31.25
Income 11.11 21.8 27.8 X 25 25 31.25
Population 11.11 13 16.7 16.7 X 15 18.75
% Canopy Cover 11.11 13 16.7 16.7 15 X 18.75
% Green spaces 11.11 8.7 111 111 10 10 X
Number of Trees Removed 11.11 6.5 8.3 8.3 7.5 7.5 X
Number of Trees Planted 11.11 6.5 8.3 8.3 7.5 7.5 X
Proximity to Industrial Centers 11.11 6.5 8.3 8.3 7.5 7.5 X
Proximity to Hospitals 11.11 2.2 2.8 2.8 2.5 2.5 X

Table 7 Sensitivity

Limitations and Combined Results
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Over the course of these 8 weeks in which we have been working on this project we have
established methods, designs, and results that can serve as a basis for continued future implementation.
One of the most important things that we have realized from our analysis is the many assumptions and
limitations in our design. We can look at these limitations and understand what course of action should
be taken in the future reduce the impacts of these limitations. Although the model results are imperfect
they serve as a starting point for analyzing trimmed canopy at a larger scale.

In our first approach we looked at the percent canopy dataset. The results were substantially
larger than those from the 2000 height data. The results found in Table 5 are actually an
overestimation of the amount of canopy that would actual fall within the clearance distance and thus be
removed. These results represent the max amount of canopy that possibly could be trimmed because of
its proximity to the actual feeder line. These numbers are used in the business case outlined below
simple to show an example of how having these quantities could help identify even more so the impact
that trimming trees has on the social, economic, and biophysical systems found within SCL’s service
area. Because the data set is a percentage of canopy cover per area grid we don’t know exactly where
that canopy geographically is located. For this reason it is only a max amount of canopy that might have

to be removed.

As seen in Figure 13 using the 2000 LIDAR derived height data produces more accurate results.
The main limitation of this process is the fact that the data is 14 years old. The results are more
accurate geographically. We know that that canopy cell is located in that location at a height that would
put its branches in areas that needs to be trimmed. In the sense that we can get an accurate location
and at least semi-accurate area of canopy the method is far superior to looking at merely the percent
canopy. Inthe future when more current height or LIDAR data becomes available it can be run through
this process to get more accurate results in the sense that the more current the data the more closely it

represents reality. The other limitation that is of importance is that we are only looking at canopy from
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the top looking down. The results produces are in sq. ft., acres, etc. The most effective way to measure
the value of canopy would be to calculate the volume or tonnage. Another possible future
implementation would be to incorporate the bottom height of the canopy so that it would be possible

to get closer to estimating a volume of canopy that is actually taken out of the system.

The design that we have implemented allows for looking at the amount of canopy and the social
equity involved in SCL’s service area. Figure 14 shows a sample of the Inequity Index results in

comparison to the estimation of quantity of canopy. The results are fascinating and actually display
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Figure 14 Comparing the Two Method Results

SCL trimming impacts doing well in regards to inequity. It is interesting to note that the areas

with the highest inequity index scores are spread across the SCL service area more than those with
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lower inequity. It is apparent by the percentages and quantities of area of canopy that is within a 10 ft.
clearance distance in relation to the amount of canopy within those tracts that SCL would not remove
large volumes of quantity in the highest area of inequity based on our index. The reverse is true for the
area with the lowest inequity. Although these results might not be that accurate or telling because of
the previous implementations mentions, they represent a structure in which you can use better data to
analyze two different aspects of SCL maintenance work on trees to protect the power they provide to so
many people.
Future Implementation

To our knowledge no one has conducted any analysis for evaluating the quantities of trimmed
trees from utilities at the scale we attempted to for this project. We suggest for SCL to seek to obtain
more current canopy data to apply to the design that we have tested. Our conceptual design,
modelling, and representations hopefully will serve as a base where others can build from in more fully
understanding the net impact that SCL has on the urban forest that also serves the people within SCL’s
service are in so many intangible ways.
Business Case
Project Name: Seattle City Light

Project Purpose: Our sponsor is the Seattle City Light vegetation management department that
is responsible for over 1,700 miles of lines running through eight cities and Unincorporated King County,
and 657 miles of transmission right-of-way spread across five counties. Part of the Vegetation
Management unit’s task is to trim trees and bushes off of the feeder lines to ensure interrupted power
supply to their customers. Since the Seattle City Light trims large volumes of vegetation each year; and
given the ecosystem services that urban tree canopy provides, Seattle City Light has commission our

team to gauge the impact of its activities.
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Project Scope Summary: To achieve our goal of assessing the overall impact of Seattle City Light’s
activities, our team is required to provide the following documents:

e Socio Ecological Systems Table

e Socio Ecological Systems Map

e Threshold Matrix

e Maps (including a Story Map on ArcGlIS Online)

Basis of Our Financial Analysis

Our financial analysis is based on the metrics presented in a similar study called: Measuring
Urban Green-High Resolution mapping of Chicago’s tree canopy and Financial Valuation of

Corresponding Environmental Services by Christopher Kowal.

Acres of UTC Pollutant Pounds Removed

Table 7 Financial Metrics

We used the metrics of that study to compute the Potential Air Pollution Removal of Canopy Impacted

from feeders.

Area Total Area Sq. Ft. Total Area in Acres

SCL Service Area 2558555857.03 58736.59
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Canopy 487577846.85 11193.25

Possible Canopy impacted from feeders 197686150.46 4538.25

Table 8 Summary Statistics

Potential Air Pollution Removal of Canopy Impacted From Feeders

Ozone (03)

Sulphur Dioxide (SO2)

Nitrogen Dioxide
(NO2)

Particulate Matter <
10 micrometers
(PM10

Carbon Monoxide
(CO)

Total

Table 9 Pollutants

Despite the fact that the activities of Seattle City Light are justified to ensure reliable supply of electrical

power, it is important to show the functional and monetary value of the removed canopy.

Economic Benefits Summary

Annual Service Annual Economic Benefit
Air pollution Removal $907,484.77

Carbon Sequestration $6,079.97

Storm Water Savings $2,662,275.77

Total Annual Savings $3,575,840.51

Table 10 Economic Benefits
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Analysis

Based on our geospatial analysis and financial valuation of the trimming activities of Seattle City Light,
we have reached the following conclusions: We would recommend Seattle City Light to invest to address

the following issues:

e Social Inequity-in terms of UTC distribution within its jurisdiction and

e Ecosystems Services that the UTC provides- SCL should at least adopt best practices in its canopy
trimming activities. From our financial valuation, it became apparent that UTC has value in
terms of the ecosystem services it provides; these intangible benefits include but are not limited
to Water Shed Benefits, Interception Capacity, Energy Benefits-Shading, Transpiration, Wind

Speed Reduction; Variations in Energy Benefits, Air Quality Benefits.
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Sensitivity Tables

GEO _ID_TRT Total SO Total S1 Total S2 Total S3 Total S4 Total S5 Total S6
53033000100 400.00 369.60 361.20 361.20 365.00  365.00 400.00
53033000200 322.22 321.80 327.80 300.00 295.00  355.00 331.25
53033000300 300.00 300.20 300.00 272.20 315.00  315.00 293.75
53033000401 355.56 361.00 350.00 350.00 355.00  385.00 362.50
'53033000402 322.22 317.40 350.10 294.50 305.00  320.00 318.75
53033000500 233.33 186.90 183.20 211.00 185.00  200.00 150.00
53033000600 355.56 367.50 358.40 358.40 347.50  392.50 381.25
53033000700 288.89 304.60 277.80 277.80 320.00  320.00 325.00
'53033000800 266.67 217.50 222.20 194.40 220.00  235.00 212.50
53033000900 300.00 226.00 233.30 233.30 245.00  200.00 218.75
53033001000 244.44 226.20 205.50 233.30 245.00  230.00 212.50
'53033001100 244.44 208.70 211.00 211.00 210.00  225.00 181.25
53033001200 311.11 343.60 328.00 328.00 335.00  335.00 400.00
'53033001300 311.11 330.60 311.20 311.20 350.00  320.00 362.50
53033001400 244.44 243.50 255.70 227.90 220.00  250.00 268.75
53033001500 233.33 217.30 222.10 222.10 220.00  220.00 200.00
53033001600 266.67 243.40 255.40 255.40 250.00  250.00 200.00
53033001701 311.11 330.40 366.60 311.00 350.00  320.00 300.00
'53033001702 277.78 297.90 324.90 269.30 31250 31250 262.50
53033001800 300.00 273.80 294.50 294.50 270.00  255.00 256.25
53033001900 233.33 226.20 233.40 205.60 230.00  230.00 231.25
53033002000 300.00 254.30 269.30 269.30 262.50  262.50 200.00
'53033002100 266.67 226.10 233.20 233.20 230.00  245.00 181.25
53033002200 311.11 251.90 266.60 294.40 230.00  245.00 225.00
53033002400 311.11 252.10 266.50 266.50 260.00  260.00 200.00
53033002500 255.56 213.00 216.60 244.40 215.00  215.00 168.75
53033002600 255.56 232.50 241.80 269.60 222.50  207.50 225.00
'53033002700 255.56 280.30 302.90 302.90 262.50  262.50 275.00
53033002800 266.67 295.70 322.30 266.70 310.00  280.00 300.00
53033002900 266.67 273.80 294.40 294.40 285.00  255.00 237.50
53033003000 255.56 280.30 302.90 302.90 262.50  262.50 275.00
'53033003100 288.89 299.80 327.80 327.80 285.00  285.00 275.00
53033003200 322.22 356.40 400.10 344.50 335.00  350.00 356.25
53033003300 255.56 280.30 302.90 302.90 262.50  262.50 275.00
53033003400 266.67 273.80 294.40 294.40 285.00  255.00 237.50
53033003500 244.44 247.80 261.00 261.00 255.00  255.00 200.00
'53033003600 300.00 304.20 333.40 305.60 290.00  290.00 306.25
'53033003800 255.56 221.80 227.70 227.70 240.00  225.00 181.25
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GEO_ID_TRT

'53033003900
'53033004000
'53033004100
'53033004200
'53033004301
'53033004302
'53033004400
'53033004500
'53033004600
'53033004700
53033004800
53033004900
'53033005000
53033005100
53033005200
53033005301
53033005302
53033005400
53033005600
53033005700
53033005801
53033005802
53033005900
53033006000
53033006100
53033006200
53033006300
53033006400
53033006500
53033006600
53033006700
53033006800
53033006900
53033007000
53033007100
53033007200
53033007300
53033007401
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Total SO Total S1 Total S2 Total S3 Total S4 Total S5 Total S6

277.78
266.67
311.11
266.67
233.33
311.11
277.78
277.78
233.33
277.78
277.78
311.11
311.11
255.56
333.33
355.56
311.11
300.00
277.78
233.33
311.11
311.11
277.78
266.67
266.67
21111
255.56
255.56
244.44
266.67
288.89
244.44
266.67
311.11
288.89
300.00
288.89
288.89

247.80
243.40
278.00
239.00
208.70
313.20
278.30
267.30
204.20
323.90
286.80
343.40
313.00
260.80
387.00
395.80
356.70
321.60
256.20
249.90
343.40
343.40
286.80
273.80
282.40
173.90
243.40
213.00
247.80
304.40
299.80
252.10
243.40
349.90
317.40
336.90
330.40
317.40

261.10
255.60
300.10
250.10
211.10
344.50
300.10
286.10
205.40
358.50
311.10
383.40
344.40
277.70
383.40
394.70
344.70
355.60
272.20
263.90
383.40
383.40
311.10
294.40
305.60
166.60
255.70
216.60
261.00
333.40
327.80
266.60
255.40
391.80
350.00
375.10
366.80
350.00

261.10
255.60
327.90
277.90
211.10
261.10
244.50
286.10
233.20
302.90
311.10
327.80
288.80
277.70
383.40
366.90
316.90
327.80
300.00
263.90
327.80
327.80
311.10
294.40
305.60
194.40
255.70
244.40
261.00
277.80
327.80
266.60
255.40
336.20
294.40
319.50
311.20
294.40

255.00
250.00
245.00
200.00
210.00
330.00
260.00
277.50
205.00
312.50
285.00
335.00
330.00
270.00
385.00
380.00
350.00
310.00
235.00
227.50
335.00
335.00
255.00
255.00
265.00
170.00
220.00
215.00
255.00
320.00
285.00
260.00
250.00
327.50
335.00
327.50
335.00
335.00

240.00
220.00
260.00
245.00
210.00
315.00
290.00
247.50
205.00
312.50
270.00
335.00
300.00
255.00
385.00
395.00
350.00
310.00
235.00
257.50
335.00
335.00
300.00
285.00
265.00
185.00
235.00
215.00
255.00
290.00
285.00
245.00
250.00
342.50
305.00
327.50
305.00
305.00

218.75
237.50
262.50
225.00
200.00
312.50
300.00
237.50
168.75
337.50
256.25
337.50
300.00
218.75
400.00
450.00
431.25
306.25
243.75
237.50
337.50
337.50
256.25
237.50
275.00
150.00
256.25
168.75
200.00
300.00
275.00
218.75
200.00
356.25
300.00
337.50
337.50
300.00





GEO_ID_TRT

'53033007402
'53033007500
'53033007600
'53033007700
'53033007800
'53033007900
'53033008001
'53033008300
'53033008400
'53033008500
'53033008600
53033008700
'53033008800
53033008900
53033009000
53033009100
53033009200
53033009300
53033009400
53033009500
53033009600
53033009701
53033009702
53033009800
53033009900
53033010001
53033010002
53033010100
53033010200
53033010300
53033010401
53033010402
53033010500
53033010600
53033010701
53033010702
53033010800
53033010900
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Total SO Total S1 Total S2 Total S3 Total S4 Total S5 Total S6

322.22
300.00
300.00
266.67
277.78
311.11
277.78
288.89
288.89
322.22
311.11
311.11
277.78
300.00
333.33
344.44
322.22
277.78
322.22
288.89
288.89
300.00
277.78
288.89
266.67
300.00
300.00
333.33
300.00
355.56
277.78
300.00
288.89
300.00
277.78
355.56
255.56
300.00

356.40
336.90
310.90
297.90
278.00
358.70
299.80
317.40
317.40
382.80
374.00
361.00
335.00
336.90
404.60
417.60
382.80
335.00
395.80
330.40
269.40
275.80
249.80
282.40
286.80
339.40
337.10
369.60
297.80
389.20
284.90
328.30
273.70
280.20
289.30
376.20
260.90
300.00

400.10
375.10
341.70
297.20
300.00
375.10
327.90
350.00
350.00
377.80
366.80
350.00
316.70
319.50
377.80
394.50
377.80
316.70
366.80
311.20
288.80
297.20
263.80
305.60
311.20
294.40
319.50
361.20
269.40
358.40
224.90
280.60
294.50
302.80
258.20
341.60
222.10
327.70

344.50
319.50
286.10
297.20
327.80
347.30
327.90
294.40
294.40
350.00
366.80
350.00
316.70
375.10
377.80
394.50
350.00
316.70
394.60
366.80
288.80
297.20
263.80
305.60
311.20
322.20
319.50
361.20
325.00
386.20
308.30
364.00
294.50
302.80
258.20
369.40
277.70
272.10

350.00
327.50
327.50
312.50
260.00
352.50
285.00
335.00
335.00
410.00
370.00
385.00
355.00
327.50
435.00
450.00
410.00
370.00
395.00
320.00
250.00
257.50
227.50
265.00
270.00
360.00
357.50
365.00
282.50
387.50
297.50
332.50
255.00
247.50
302.50
402.50
255.00
330.00

335.00
327.50
297.50
297.50
260.00
352.50
270.00
305.00
305.00
380.00
370.00
355.00
340.00
327.50
405.00
405.00
380.00
325.00
395.00
320.00
280.00
257.50
257.50
265.00
270.00
360.00
327.50
365.00
312.50
387.50
297.50
317.50
255.00
277.50
317.50
372.50
285.00
285.00

356.25
337.50
300.00
281.25
243.75
368.75
293.75
300.00
300.00
393.75
400.00
362.50
343.75
337.50
425.00
443.75
393.75
343.75
431.25
337.50
237.50
275.00
237.50
275.00
275.00
356.25
362.50
400.00
300.00
431.25
293.75
350.00
275.00
275.00
306.25
393.75
262.50
281.25





GEO_ID_TRT

'53033011001
'53033011002
'53033011101
'53033011102
'53033011200
'53033011300
'53033011401
'53033011402
'53033011500
'53033011600
'53033011700
'53033011800
'53033011900
53033012000
53033012100
53033020100
53033020200
53033020300
53033020401
53033020402
53033020500
53033020600
53033020700
53033020800
53033020900
53033021000
53033021100
53033021300
53033021400
53033021500
53033025302
53033026001
53033026002
53033026100
53033026200
53033026300
53033026400
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Total SO Total S1 Total S2 Total S3 Total S4 Total S5 Total S6

355.56
344.44
311.11
322.22
288.89
288.89
311.11
344.44
266.67
266.67
311.11
355.56
333.33
322.22
288.89
322.22
322.22
400.00
322.22
355.56
355.56
333.33
344.44
300.00
266.67
355.56
355.56
355.56
311.11
311.11
355.56
333.33
366.67
322.22
355.56
300.00
322.22

400.20
378.40
358.90
341.40
326.20
315.30
315.20
354.40
247.70
241.10
356.70
400.00
404.40
267.20
215.10
241.20
234.70
347.90
228.20
284.80
293.50
274.00
295.80
208.60
206.60
308.70
302.30
300.00
223.90
206.40
350.10
336.80
410.90
380.60
406.50
348.00
367.50

372.20
344.40
319.50
325.00
305.60
291.70
291.60
341.60
261.10
252.70
316.70
372.30
377.90
286.00
219.30
252.80
244.40
333.30
236.00
308.30
319.40
238.80
294.40
211.00
208.30
283.30
302.70
327.80
230.40
208.20
336.20
319.40
386.20
347.20
408.40
333.30
358.30

372.20
372.20
347.30
325.00
305.60
319.50
319.40
341.60
261.10
252.70
344.50
400.10
405.70
286.00
247.10
252.80
244.40
333.30
236.00
252.70
263.80
294.40
266.60
238.80
208.30
338.90
274.90
272.20
230.40
236.00
336.20
375.00
414.00
375.00
408.40
333.30
358.30

430.00
405.00
382.50
362.50
345.00
302.50
332.50
377.50
255.00
217.50
350.00
385.00
390.00
277.50
217.50
247.50
210.00
340.00
232.50
267.50
277.50
285.00
310.00
210.00
207.50
295.00
317.50
315.00
227.50
207.50
372.50
327.50
397.50
377.50
407.50
385.00
362.50

400.00
375.00
352.50
332.50
315.00
332.50
302.50
347.50
225.00
247.50
380.00
400.00
405.00
247.50
217.50
217.50
255.00
370.00
232.50
312.50
322.50
285.00
310.00
210.00
222.50
325.00
317.50
285.00
242.50
207.50
327.50
327.50
412.50
407.50
392.50
340.00
392.50

425.00
393.75
393.75
362.50
362.50
331.25
331.25
362.50
237.50
237.50
393.75
450.00
450.00
237.50
168.75
237.50
218.75
362.50
200.00
281.25
281.25
262.50
293.75
168.75
181.25
300.00
293.75
300.00
181.25
168.75
381.25
337.50
450.00
393.75
418.75
343.75
362.50





GEO ID_TRT  Total SO Total S1 Total S2 Total S3 Total S4 Total S5 Total S6

'53033026500 333.33 356.60 344.40 344.40 380.00 350.00 362.50
53033026600 311.11 324.10 302.60 302.60 357.50 342.50 306.25
53033026700 333.33 341.30 352.70 324.90 332.50 362.50 331.25
53033026801 344.44 376.10 369.50 369.50 372.50 372.50 400.00
'53033026802 344.44 376.10 369.50 369.50 372.50 372.50 400.00
'53033027000 300.00 341.50 324.90 324.90 362.50 362.50 325.00
'53033027100 300.00 341.50 324.90 324.90 362.50 362.50 325.00
53033027200 300.00 332.70 313.80 341.60 352.50 337.50 312.50
53033027300 333.33 374.00 366.60 366.60 370.00 400.00 362.50
'53033027400 322.22 367.50 358.30 358.30 362.50 392.50 362.50
'53033027500 344.44 367.50 358.50 358.50 362.50 362.50 400.00
'53033027600 300.00 315.50 291.70 291.70 317.50 347.50 325.00
53033027800 288.89 247.80 261.00 261.00 255.00 255.00 200.00
53033027900 344.44 336.90 375.10 319.50 327.50 327.50 337.50
53033028000 300.00 354.50 341.70 341.70 377.50 347.50 362.50
'53033028100 311.11 376.30 341.70 369.50 402.50 372.50 393.75
'53033028200 344.44 393.50 391.70 391.70 392.50 392.50 400.00

Python Code for tools

SCL Get Selected Canopy Cover Python Script Tool code:

Name: SCLGetSelectedCanopyCover.py
Create Date: 08/16/2014
Created by: Ben Hillam
Organization: UW PMPGIS Capstone Project - Sponsor Seattle City Light
Description: This is the first of two python scripts to help SCL evaluate feeder impacts on canopy
cover
in its service area. This script will take the dem height raster and get the qualifying
cells in association with the roads and feeder height. The results can be put in the second
model to run to calculate the total area of canopy impacted
# Import modules
import arcpy
from arcpy import env

# Local variables

inputBaseRaster = arcpy.GetParameterAsText(0)#r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\Lidar\baseElevation\basee'

inputTopSurfaceRaster = arcpy.GetParameterAsText(1)#r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\Lidar\topElevation\surfacee'
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inputFeederFC = arcpy.GetParameterAsText(2) #r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\SCLCapstoneProject.gdb\OH_Feeders'

inputStreetsFC =
arcpy.GetParameterAsText(3)#r'C:\Users\bhillam\Documents\ArcGIS\Packages\Buildings and
Streets\v101\sclcgdb.gdb\Transportation\Street_Network'

inputBufferDistance = arcpy.GetParameterAsText(4)#'10'

outputlLocationDEM = arcpy.GetParameterAsText(5)#r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\Lidar\testWorkspace'

outputlLocationFCs = arcpy.GetParameterAsText(6)#r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\Lidar\testWorkspace\ValidCanopyResults.gdb'

# Set up workspace
env.workspace = outputLocationDEM
arcpy.env.overwriteOutput = True

try:
## mn

Hit 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k sk %k 3k 3k 3k sk 3k 3k 3k 3k 3k sk sk 3k 3k 3k sk sk sk sk 3k 3k sk sk sk sk sk sk sk sk sk sk 3k sk sk sk sk sk 3k 3k sk sk sk >k 3k sk sk sk sk ok sk sk sk k

## CALCULATE THE TOP HEIGHT OF THE CANOPY

## 3k sk ok 3k 3k 3k sk sk sk ok sk ok sk 3k sk sk sk sk sk sk ok sk 3k sk sk sk sk ok ok sk sk sk sk sk sk ok ok 3k sk sk sk sk sk sk sk ok 3k 3k sk sk sk sk sk sk sk sk sk ok ok ok sk sk sk sk k ok
Ht M

## #print 'Starting Calculations . . .\n'

## arcpy.AddMessage('Starting Calculations . . .\n'")

## # Calculate the height from the base and surface rasters

## #print 'Checking out license . .

## arcpy.AddMessage('Checking out license . .")

## arcpy.CheckOutExtension("Spatial")

## resultHeightDEMName = 'ResultSurfaceHeight.tif'

## #print 'Creating the height DEM by subtracting top surface raster from the base raster. . .'

## arcpy.AddMessage('Creating the height DEM by subtracting top surface raster from the base raster

## resultHeightDEM = arcpy.sa.Minus(inputTopSurfaceRaster, inputBaseRaster)
## #print 'Times the value by 1000000 to preserve the decimal places 6 places. ..
## arcpy.AddMessage('Times the value by 1000000 to preserve the decimal places 6 places ... ")
## resultHeightDEMT6 = arcpy.sa.Times(resultHeightDEM, 1000000)
## #print 'Converting values to Int in raster . . .'
## arcpy.AddMessage('Converting values to Intin raster . . .")
## resultHeightDEM_Int = arcpy.sa.Int(resultHeightDEMT6)
## #print 'Saving result height DEM . . '
## arcpy.AddMessage('Saving result height DEM . . .")
## resultHeightDEM_Int.save('{ON\\{1}'.format(outputLocationDEM, resultHeightDEMName))
## #print 'Result height DEM complete.\n'
## arcpy.AddMessage('Result height DEM complete.\n')
## #print 'Checking license backin...'
## arcpy.AddMessage('Checking license backin . ..")
## arcpy.CheckinExtension("Spatial")
resultSurfaceHeightDEM = '{O\\{1}'.format(outputLocationDEM, 'ResultSurfaceHeight.tif')
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CONVERT THE CANOPY RASTER TO A POLYGON
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#print "\nAssigning feeder type by associated street classification . . .'
arcpy.AddMessage('\nAssigning feeder type by associated street classification . . .')
# Re-assign the workspace

env.workspace = outputLocationFCs

arcpy.env.overwriteOutput = True

## #print 'Creating surface height polygon ...
## arcpy.AddMessage('Creating surface height polygon .. .")
resultSurfaceHeightPoly = '{O]\\{1}.format(outputLocationFCs, 'ResultSurfaceHeight')
## arcpy.RasterToPolygon_conversion(resultSurfaceHeightDEM, resultSurfaceHeightPoly,
"NO_SIMPLIFY")
## #print 'Surface height polygon completed.'
## arcpy.AddMessage('Surface height polygon completed')

## mn
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## GET THE STREET TYPE THE FEEDER IS MOST LIKELY ON TO CALCULATE DISTANCE
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H## # First split the lines so they are all in segments

## #print 'Spitting feeders into individual segments . . .'

## arcpy.AddMessage('Spitting feeders into individual segments . . .")

##t feedersSplitFCName = 'FeedersSplit'

##t feedersSplitFC = '{O\\\{1}'.format(outputLocationFCs, feedersSplitFCName)

## arcpy.FeatureToline_management(inputFeederFC, feedersSplitFC)

#t

## # Next identify the nearest street/road to get what type of road it is

## #print 'Finding the nearest road to the feeder . ..’

## arcpy.AddMessage('Finding the nearest road to the feeder. . .")

## arcpy.Near_analysis(feedersSplitFC, inputStreetsFC)

#t

## # Add a field to determine what type of road it is

## #print 'Adding ArterialRoad field to feeders split FC . . .

## arcpy.AddMessage('Adding ArterialRoad field to feeders split FC. . .")

## arcpy.AddField_management(feedersSplitFC, "ArterialFeeder", "SHORT")

H#

## # Join the "FEaCODE" field to the feeders split FC to calculate the

## #print 'Joining street network to feeders . . .

## arcpy.AddMessage('Joining street network to feeders . . .")

## arcpy.JoinField_management(feedersSplitFC, "NEAR_FID", inputStreetsFC, "OBJECTID", "FEACODE")
#t

## # Calculate whether the feeder is on an arterial street based on thejoin fiedl

## #print 'ldentifying feeders on arterial roads . . .'
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## arcpy.AddMessage('ldentifying feeders on arterial roads . . .")
## expression = 'getStreetType(!FEACODE!)'

## codeBlock = "'def getStreetType(feaCode):

HH# if feaCode == 1:

HH return 1

H# else:

H# return 0"

H#

## arcpy.CalculateField_management(feedersSplitFC, "ArterialFeeder", expression, "PYTHON",
codeBlock)

H#

Ht "
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## CREATE SEPERATE BUFFERS FOR ARTERIAL AND NON ARTERIAL FEEDERS
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## # Need to make feature layer of feedersSplitFC first

## feedersSplitFeaturelLayer = 'feedersSplitFeaturelLayer'

## #print 'Creating feature layer for the feeders feature class .. .'

## arcpy.AddMessage('Creating feature layer for the feeders feature class . . .")

## if arcpy.Exists(feedersSplitFeaturelLayer) == False:

H# arcpy.MakeFeaturelLayer_management(feedersSplitFC, feedersSplitFeaturelLayer)
H## else:

H# arcpy.Delete_management(feedersSplitFeaturelLayer)

H# arcpy.MakeFeaturelLayer_management(feedersSplitFC, feedersSplitFeaturelLayer)
Hit

## # Select only primary arterial roads with "FEACODE" = 1 for first buffer

## arcpy.SelectLayerByAttribute_management(feedersSplitFeatureLayer, "NEW_SELECTION",
"ArterialFeeder = 1")

# Create buffer of only the arterial roads
arterialBufferFCName = 'FeedersArterial_{0}FtBuff'.format(inputBufferDistance)
arterialBufferFC = '{O\\{1}.format(outputLocationFCs, arterialBufferFCName)

## #print 'Creating arterial feeder buffer . . .'
## arcpy.AddMessage('Creating arterial feeder buffer. ..')
## arcpy.Buffer_analysis(feedersSplitFeaturelayer, arterialBufferFC, inputBufferDistance + ' Feet')

# Create arterial feeder buffer feature layer
arterialFeedersBuffFeaturelLayer = 'ArterialFeedersBuff'
#print 'Createing feature layer for the arterial feeders buffer feature class . . .'
arcpy.AddMessage('Createing feature layer for the arterial feeders buffer feature class . . .")
if arcpy.Exists(arterialFeedersBuffFeaturelLayer) == False:
arcpy.MakeFeatureLayer_management(arterialBufferFC, arterialFeedersBuffFeatureLayer)
else:
arcpy.Delete_management(arterialFeedersBuffFeaturelLayer)
arcpy.MakeFeaturelLayer_management(arterialBufferFC, arterialFeedersBuffFeaturelLayer)
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H#
H#
H#
H#
H#
"A
H#

# Clear the selection to make sure nothing gets picked up that isn't wanted
arcpy.SelectLayerByAttribute_management(feedersSplitFeatureLayer, "CLEAR_SELECTION")

# Select only non primary arterial roads with "FEACODE" <> 1 for second buffer
arcpy.SelectLayerByAttribute_management(feedersSplitFeatureLayer, "NEW_SELECTION",
rterialFeeder <> 1")

# Create buffer of only the arterial roads

nonArterialBufferFCName = 'FeedersNonArterial_{0}FtBuff'.format(inputBufferDistance)

nonAarterialBufferFC = '{0}\\{1}'.format(outputLocationFCs, nonArterialBufferFCName)
Hit
Hi
Hi
Hit

print 'Creating non-arterial feeder buffer. . .'
arcpy.Buffer_analysis(feedersSplitFeaturelLayer, nonAarterialBufferFC, inputBufferDistance + ' Feet')

# Create non-arterial feeder buffer feature layer

nonArterialFeedersBuffFeaturelLayer = 'NonArterialFeedersBuff'

#print 'Createing feature layer for the non-arterial feeders buffer feature class . . .

H#

arcpy.AddMessage('Createing feature layer for the non-arterial feeders buffer feature class . . .")

if arcpy.Exists(nonArterialFeedersBuffFeaturelLayer) == False:
arcpy.MakeFeatureLayer_management(nonAarterialBufferFC, nonArterialFeedersBuffFeaturelLayer)

else:
arcpy.Delete_management(nonArterialFeedersBuffFeaturelLayer)
arcpy.MakeFeatureLayer_management(nonAarterialBufferFC, nonArterialFeedersBuffFeaturelLayer)

## print 'Completed intermediate tasks'
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GET ALL THE VALID HEIGHT AREAS THAT INTERSECT BOTH BUFFERS
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#print "\nSelecting all qualifying surface heights by buffer . . .'

arcpy.AddMessage('\nSelecting all qualifying surface heights by buffer...")

# Create feature layer of the result heights polygon

resultSurfaceHeightFeaturelayer = 'resultSurfaceHeightFeaturelLayer'

#print 'Creating surface hieght feature layer. ..

arcpy.AddMessage('Creating surface hieght feature layer. . .")

if arcpy.Exists(resultSurfaceHeightFeaturelLayer) == False:
arcpy.MakeFeatureLayer_management(resultSurfaceHeightPoly, resultSurfaceHeightFeaturelLayer)

totalWhereClause = "gridcode >= 30500000 and gridcode <= 60500000"
#print 'Selecting only surface heights within total range for arterial and non-arterial feeders . . .
arcpy.AddMessage('Selecting only surface heights within total range for arterial and non-arterial

feeders . ..")

arcpy.SelectLayerByAttribute_management(resultSurfaceHeightFeatureLayer, "NEW_SELECTION",

totalWhereClause)

#print 'Selecting valid heights for arterial feeder locations . . .'
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arcpy.AddMessage('Selecting valid heights for arterial feeder locations . . .")

arcpy.SelectLayerBylLocation_management(resultSurfaceHeightFeaturelLayer, "INTERSECT",
arterialFeedersBuffFeaturelLayer, "", "SUBSET_SELECTION")

#print 'Completed selection'

arcpy.AddMessage('Completed selection’)
H#

# Export this to a feature class

arterialFeederSurfaceHeightFCName = 'ArterialFeederSurfaceHeight'

arterialFeederSurfaceHeightFC = '{O}\\{1}'.format(outputLocationFCs,
arterialFeederSurfaceHeightFCName)

arterialWhereClause = "gridcode >= 35500000 and gridcode <= 60500000"

#print 'Exporting selected arterial surface height cells . . ."

arcpy.AddMessage('Exporting selected arterial surface height cells . . .")

arcpy.FeatureClassToFeatureClass_conversion(resultSurfaceHeightFeaturelayer, outputLocationFCs,
arterialFeederSurfaceHeightFCName, arterial WhereClause)

#print 'Arterial canopy location exported to feature class'

arcpy.AddMessage('Arterial canopy location exported to feature class')

# Clear the selection to do new one for non-arterial feeders
#print 'Clearing selection . . .

arcpy.AddMessage('Clearing selection . . .")
arcpy.SelectLayerByAttribute_management(resultSurfaceHeightFeaturelayer, "CLEAR_SELECTION")

# Make initial selection again

#print 'Selecting only surface heights within total range for arterial and non-arterial feeders . . .

arcpy.AddMessage('Selecting only surface heights within total range for arterial and non-arterial
feeders . ..")

arcpy.SelectLayerByAttribute_management(resultSurfaceHeightFeaturelLayer, "NEW_SELECTION",
totalWhereClause)

#print 'Selecting valid heights for non arterial feeder locations . . .'

arcpy.AddMessage('Selecting valid heights for non arterial feeder locations . . .")

arcpy.SelectLayerByLocation_management(resultSurfaceHeightFeaturelLayer, "INTERSECT",
nonArterialFeedersBuffFeaturelLayer, "", "SUBSET_SELECTION")

#print 'Completed selection'

arcpy.AddMessage('Completed selection')

# Export this to a feature class

nonArterialFeederSurfaceHeightFCName = 'NonArterialFeederSurfaceHeight'

nonArterialFeederSurfaceHeightFC = '{0}\\{1}'.format(outputLocationFCs,
nonArterialFeederSurfaceHeightFCName)

nonArterialWhereClause = "gridcode >= 30500000 and gridcode <= 55500000"
#print 'Exporting selected non-arterial surface height canopy ...'
arcpy.AddMessage('Exporting selected non-arterial surface height canopy ...")
arcpy.FeatureClassToFeatureClass_conversion(resultSurfaceHeightFeaturelLayer, outputLocationFCs,
nonArterialFeederSurfaceHeightFCName, nonArterialWhereClause)
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#print 'Non-arterial canopy location exported to feature class'
arcpy.AddMessage('Non-arterial canopy location exported to feature class')

# Append the non-arterial results to the arterial results to get one final feature class

#print 'Appending arterial and non-arterial qualified surface height feature classes . . ."'

arcpy.AddMessage('Appending arterial and non-arterial qualified surface height feature classes . .. ")

arcpy.Append_management(nonArterialFeederSurfaceHeightFC, arterialFeederSurfaceHeightFC,
"TEST")

# Delete any duplicates that may result from overlapping bufffers

#print 'Deleting any duplicates from final feature class . . .'
arcpy.AddMessage('Deleting any duplicates from final feature class . . .")
arcpy.Deleteldentical_management(arterialFeederSurfaceHeightFC, "Shape")

# Add fied to calculate the correct height to 6 decimal places
#print 'Adding final height field . . .'
arcpy.AddMessage('Adding final height field . . .")

# If HeightFt field already exists don't create a new one
fieldExists = False
resultFCFieldList = arcpy.ListFields(arterialFeederSurfaceHeightFC)
for field in resultFCFieldList:
if field.name == 'HeightFt'":
fieldExists = True
else:
fieldExists = False

if fieldExists == False:
arcpy.AddMessage("\tHeightFt field didn't not exists creating field . ..")
arcpy.AddField_management(arterialFeederSurfaceHeightFC, "HeightFt", "DOUBLE")
else:
arcpy.AddMessage("\tHeightFt field already exist")

# Calculate correct height value

#print 'Calculating correct height to 6 decimal places . . .

arcpy.AddMessage('Calculating correct height to 6 decimal places . . .")

expression = "lgridcode! / 1000000.00 "
arcpy.CalculateField_management(arterialFeederSurfaceHeightFC, "HeightFt", expression, "PYTHON")
print 'Qualified Surface Height Results Layer is complete'

arcpy.AddMessage('Qualified Surface Height Results Layer is complete')

#print "\nFINISHED'
arcpy.AddMessage('"\nFINISHED')

except Exception as e:

#print '{0}'.format(e)
arcpy.AddMessage('{0}'.format(e))
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SCL Calculate Canopy Net Impact Pthon Script Tool code:

** This code needs to be updated. After the buffer is created and before secion three the buffer
needs to be dissolved to be one continuous buffer for the entire area.

Name: SCLCalculateCanopyNetlmpact.py
Create Date: 07/26/2014
Created by: Ben Hillam
Organization: UW PMPGIS Capstone Project - Sponser Seattle City Light
Description: This script was written to go through the Seattle City Light (SCL)
overhead feeders calculate total area of canopy possibly impacted by
the overhead lines
# Import Modules
import arcpy
from arcpy import env

# Global Variables

canopyFC = arcpy.GetParameterAsText(0)#r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\Lidar\testWorkspace\ValidCanopyResults.gdb\ArterialFeederSurfaceHeight'
feederFC = arcpy.GetParameterAsText(1)#r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\SCLCapstoneProject.gdb\OH_Feeders'

outputlLocation = arcpy.GetParameterAsText(3)#r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\Lidar\testWorkspace\ResultsCanopyPerFeeder.gdb'

bufferDistance = arcpy.GetParameterAsText(2)#'10'
nearCalculated = False

areaField = False

areaPerFeederField = False

totalCanopyField = False

env.workspace = outputLocation

# Methods
try:
SECTION 1: Creating the buffer for the feeders. This is used to calculate the area and takes
the input parameter of the bufferDistance. Here variation modeling could be done to complete this.
# Create feeders buffer
feedersBuffFCName = 'OH_Feeder{0}FtBuffer'.format(bufferDistance)
feedersBuffFC = '{O\\{1}.format(outputLocation, feedersBuffFCName)
#print "\nStarted Process...'
arcpy.AddMessage('\nStarted Process...")
#print 'Creating feeder buffer ...
arcpy.AddMessage('Creating feeder buffer . . .")
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# If the buffered feature class doesn't already exist create it
if arcpy.Exists(feedersBuffFC) == False:

arcpy.Buffer_analysis(feederFC, feedersBuffFC, '{0} Feet'.format(bufferDistance))
else:

#print '\tBuffer Already Existed'

arcpy.AddMessage('\tBuffer Already Existed')

SECTION 3: Get the selected canopy first by what road it is associated with, then whether it falls
within the

feeders buffer

#print 'Begginging to go through calculate canopy per feeder"

arcpy.AddMessage('Begginging to go through calculate canopy per feeder. . .")

# Clip the canopy featureclass to the buffered feeder feature class
canopyClipFCName = 'FeederCanopy{0}FtBuff'.format(bufferDistance)
canopyClipFC = r'{ON\\{1}'.format(outputLocation, canopyClipFCName)
if arcpy.Exists(canopyClipFC) == False:
#print 'Clipping Canopy . . .'
arcpy.AddMessage('Clipping Canopy . . .")
arcpy.Clip_analysis(canopyFC, feedersBuffFC, canopyClipFC)
else:
#print "Canopy clip feature class all ready exists"
arcpy.AddMessage("Canopy clip feature class all ready exists")

# Evaluate if near distance already calculated
fields = arcpy.ListFields(canopyClipFC)
for field in fields:
if field.name == 'NEAR_FID'":
nearCalculated = True
if field.name == 'AreaSqFt"
areaField = True
if field.name == 'aPerFeeder":
areaPerFeederField == True

# Use near analysis to calculate which feeder the canopy will go to

if nearCalculated == False:
#print 'Calculating near distance for clipped canopy . . .'
arcpy.AddMessage('Calculating near distance for clipped canopy . . .")
arcpy.Near_analysis(canopyClipFC, feederFC)

else:
#print 'Near distance already calculated'
arcpy.AddMessage('Near distance already calculated')

if areaField == False:
#print 'Creating field to calculate area in square feet . . .'
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arcpy.AddMessage('Creating field to calculate area in square feet . . .")
arcpy.AddField_management(canopyClipFC, "AreaSqFt", "DOUBLE")

else:
#print 'Clipped canopy feature square feet field all ready exists'
arcpy.AddMessage('Clipped canopy feature square feet field all ready exists')

if areaPerFeederField == False:
#print 'Creating area per feeder field . . .'
arcpy.AddMessage('Creating area per feeder field . . .")
arcpy.AddField_management(canopyClipFC, "aPerFeeder", "Double")
else:
#print 'Area per feeder field already exists'
arcpy.AddMessage('Area per feeder field already exists')

# Sort the attribute table before you edit it
canopyClipSortFCName = '{0}Sort'.format(canopyClipFCName)
canopyClipSortFC = r'{ON\\{1}.format(outputLocation, canopyClipSortFCName)

if arcpy.Exists(canopyClipSortFC) == False:
#print 'Sorting the clipped canopy layer ...
arcpy.AddMessage('Sorting the clipped canopy layer . . .")
arcpy.Sort_management(canopyClipFC, canopyClipSortFC, 'NEAR_FID')
else:
#print 'Sort feature class already exists . . .'
arcpy.AddMessage('Sort feature class already exists . . .")

#print 'Calculating number of records in canopy feeter class . . .’
arcpy.AddMessage('Calculating number of records in canopy feeter class . . .")
numRows = arcpy.GetCount_management(canopyClipSortFC)
numberRowsInCanopyFC = int(humRows.getOutput(0))

#print 'Calculating the area of canopy of clipped features & sum per feeder. . .'

arcpy.AddMessage('Calculating the area of canopy of clipped features & sum per feeder . .

feederAreaTemp =[]
feederArea =]
feederAreaFields = ['NEAR_FID','Shape_Area']
counter=0
count=0
areaPerFeeder =0
with arcpy.da.UpdateCursor(canopyClipSortFC, feederAreaFields) as cursor:
for row in cursor:
count+=1
feederID = row[0]
feederAreaSqgFt = row[1]
if count == numberRowsInCanopyFC:
areaPerFeeder += feederAreaSqFt
feederArea.append([feederID, areaPerFeeder])
else:
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if len(feederAreaTemp) == 0:
feederAreaTemp.append([feederlD, feederAreaSqgFt])
areaPerFeeder+=feederAreaSqFt

elif (len(feederAreaTemp) - 1 == 0) & (feederlID == feederAreaTemp|[counter - 1][0]):
feederAreaTemp.append([feederlD, feederAreaSqgFt])
areaPerFeeder+=feederAreaSqFt

elif feederID == feederAreaTemp[counter-1][0]:
feederAreaTemp.append([feederlD, feederAreaSqFt])
areaPerFeeder+=feederAreaSqFt

else:
feederArea.append([feederAreaTemp[counter-1][0], areaPerFeeder])
areaPerFeeder = feederAreaSqFt
feederAreaTemp =[]
feederAreaTemp.append([feederlD, feederAreaSqFt])
counter=0

counter+=1

# Have to have a canopy clip layer as well

canopyClipFeaturelLayer = 'CanopyClipFeaturelLayer'

if arcpy.Exists(canopyClipFeaturelayer) == False:
#print 'Creating canopy clipped feature layer. ..’
arcpy.AddMessage('Creating canopy clipped feature layer . ..')
arcpy.MakeFeaturelLayer_management(canopyClipFC, canopyClipFeaturelLayer)

else:
arcpy.Delete_management(canopyClipFeaturelayer)
arcpy.MakeFeaturelLayer_management(canopyClipFC, canopyClipFeaturelLayer)
#print 'Canopy clip feature layer already exists. Deleted and created new one."'
arcpy.AddMessage('Canopy clip feature layer already exists. Deleted and created new one.')

# Populate the canopyClipFeature with its resulting total canopy area
#print 'Calculating total area per feeder. . .
arcpy.AddMessage('Calculating total area per feeder . . .")
for area in feederArea:
fid = area[0]
whereClause = 'NEAR_FID = {0}'.format(fid)
arcpy.SelectLayerByAttribute_management(canopyClipFeatureLayer, "NEW_SELECTION",
whereClause)
arcpy.CalculateField_management(canopyClipFeaturelayer, "aPerFeeder", area[1], "PYTHON")

# Create a new feeders feature class to store the area results in
resultCanopyFeederFCName = 'OH_Feeder_CanopyResults'
resultCanopyFeederFC = '{O}\\{1}'.format(outputLocation, resultCanopyFeederFCName)

if arcpy.Exists(resultCanopyFeederFC) == False:
#print 'Creating result canopy feeder feature class . . .'
arcpy.AddMessage('Creating result canopy feeder feature class . . .")
arcpy.CopyFeatures_management(feederFC, resultCanopyFeederFC)
#print 'Creating result square feet field . . .'
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arcpy.AddMessage('Creating result square feet field . . .")

arcpy.AddField_management(resultCanopyFeederFC, "ResultCanopySQFt", "DOUBLE")
else:

#print 'Result canopy feature class already exists'

arcpy.AddMessage('Result canopy feature class already exists')

# Dissolve the canopy clip feature layer to use to join back to OH_Feeder_CanopyResult FC
dissolveCanopyFCName = 'FeederCanopyResults_Dissolve'
dissolveCanopyFC = '{ON\\{1}.format(outputLocation, dissolveCanopyFCName)

# The dissovle tool requires a feature class, so get the feature class from the canopy clip feature layer
#print 'Getting canopy clip feature class from canopy clip feature layer. . .'

## arcpy.AddMessage('Getting canopy clip feature class from canopy clip feature layer . . .")

## desc = arcpy.Describe(canopyClipFeaturelayer)

## arcpy.AddMessage('described canopyClipFeaturelLayer')

## canopyClipFC = desc.catalogPath

## arcpy.AddMessage ('got path of canopyClipFeature Layer feature class')
arcpy.AddMessage('This is where it failed earlier')

if arcpy.Exists(dissolveCanopyFC) == False:
#print 'Disolving canopy clip feature class . . .'
arcpy.AddMessage('Disolving canopy clip feature class . . .")
arcpy.Dissolve_management(canopyClipFC, dissolveCanopyFC, ["NEAR_FID", "aPerFeeder"])
else:
#print 'Dissolved canopy clip feature class aleady exists'
arcpy.AddMessage('Dissolved canopy clip feature class aleady exists')

# Join tables and calculate

#print 'Joining table and calcuating area per feeder. . .'

arcpy.AddMessage('Joining table and calcuating area per feeder . . .")

arcpy.JoinField_management(resultCanopyFeederFC, "OBJECTID", dissolveCanopyFC, "NEAR_FID",
"aPerFeeder")

# Calculate area field in result Canopy feature class

#print 'Calculaing the area field in the result feature class . . .'

arcpy.AddMessage('Calculaing the area field in the result feature class . . .")

arcpy.CalculateField_management(resultCanopyFeederFC, "ResultCanopySQFt", "laPerFeeder!",
"PYTHON")

# Delete the joined field from the result

#print 'Removing teomporary joined field from the result . . .'
arcpy.AddMessage('Removing teomporary joined field from the result . . .")
arcpy.DeleteField_management(resultCanopyFeederFC, "aPerFeeder")

## resultCanopyFeederFC = r'C:\Grad_School\Geog_569\Seattle City Light
Project\Data\Lidar\resultHeight\ResultSurface.gdb\OH_Feeder_CanopyResults'
# Calculate the final total canopy area per feeder
resultFields = arcpy.ListFields(resultCanopyFeederFC)
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for field in resultFields:
if field.name == "TotalCanopySqFt":
totalCanopyField = True

if totalCanopyField == False:
#print 'Creating total canopy field in result feature class . . .'
arcpy.AddMessage('Creating total canopy field in result feature class . . .")
arcpy.AddField_management(resultCanopyFeederFC, 'TotalCanopySqFt', 'DOUBLE')
else:
#print 'Total canopy field already existed'
arcpy.AddMessage('Total canopy field already existed')

# Sort the attribute table before you edit it
resultSortFCName = '{0}Sort'.format('OH_Feeder_CanopyResults')
resultSortFC = r'{O\\{1}.format(outputLocation, resultSortFCName)

if arcpy.Exists(resultSortFC) == False:
#print 'Sording result layer . . .'
arcpy.AddMessage('Sording result layer . . .")
arcpy.Sort_management(resultCanopyFeederFC, resultSortFC, 'FEEDERID')
else:
#print 'Sorted results feature class already existed'
arcpy.AddMessage('Sorted results feature class already existed')

#print 'Calculating the number of records in the result feature class . . .'
arcpy.AddMessage('Calculating the number of records in the result feature class . . .")
numRecs = arcpy.GetCount_management(resultSortFC)

numRecsSort = int(numRecs.getOutput(0))

# Grouping the total result canopy area for each feeder
#print 'Grouping the total canopy per individual feeder . . .'
arcpy.AddMessage('Calculating the total canopy per individual feeder . . .")
feederTotalTemp =]
feederTotal =[]
feederTotalFields = ['FEEDERID','ResultCanopySQFt']
fCount=0
fCounter=0
totalAreaPerFeeder =0
with arcpy.da.SearchCursor(resultSortFC, feederTotalFields) as cursor:
for row in cursor:
fCount+=1
feederID = row[0]
feederAreaSqgFt = row[1]
if feederAreaSqgFt is None:
feederAreaSqFt=0
if fCount == numRecsSort:
totalAreaPerFeeder += feederAreaSqFt
feederTotal.append([feederID, areaPerFeeder])
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else:
if len(feederTotalTemp) == 0:
feederTotalTemp.append([feederID, feederAreaSqFt])
totalAreaPerFeeder+=feederAreaSqFt
elif len(feederTotalTemp) - 1 ==
feederTotalTemp.append([feederID, feederAreaSqFt])
totalAreaPerFeeder+=feederAreaSqFt
elif feederID == feederTotalTemp[fCounter-1][0]:
feederTotalTemp.append([feederID, feederAreaSqFt])
totalAreaPerFeeder+=feederAreaSqFt
else:
feederTotal.append([feederTotalTemp[len(feederTotalTemp)-1][0], totalAreaPerFeeder])
totalAreaPerFeeder = feederAreaSqFt
feederTotalTemp =]
feederTotalTemp.append([feederID, feederAreaSqFt])
fCounter=0
fCounter+=1

#print 'Calculating the total canopy for each feeder . . .
arcpy.AddMessage('Calculating the total canopy for each feeder. . .")
for feeder in feederTotal:
with arcpy.da.UpdateCursor(resultCanopyFeederFC, ["FEEDERID", "TotalCanopySqFt"]) as cursor2:
for row in cursor2:
if feeder[0] == row[0]:
row[1] = feeder[1]
cursor2.updateRow(row)

# Dissolve the canopy clip feature layer to use to join back to OH_Feeder_CanopyResult FC
dissolveResultFCName = 'TotalFeederCanopyResult'
dissolveResultFC = '{ON\\{1}'.format(outputLocation, dissolveResultFCName)

if arcpy.Exists(dissolveResultFC) == False:
#print 'Disolving Canopy Resolve Feature Layer. . .'
arcpy.AddMessage('Disolving Canopy Resolve Feature Layer...")
arcpy.Dissolve_management(resultCanopyFeederFC, dissolveResultFC, ["FEEDERID",
"TotalCanopySqFt"])
else:
#print 'Dissolved result feature class already exists'
arcpy.AddMessage('Dissolved result feature class already exists')

#print "\nFINISHED"
arcpy.AddMessage("\nFINISHED")

except Exception as e:

print '{0}'.format(e)
arcpy.AddMessage('{0}'.format(e))

55





56





57





Feature Dataset [Feature Class

|Definition of Feature Class

|Data Source

|Spatial Reference

[Data Model

Baselayers

Building

City

KingCounty
SCLServiceAreaGeneral

ServiceAreaDetail
CanopyFeederlayers
OH_Feeders

SCLPercentCanopy11
StreetNetwork

InequitylndexMCE_Inputs
ManufacturingCenter

Building locations throughout the SCL service
area from 2009

City boundaries in King County

King County boundary

Outer boundary of SCL service area

Detailed boundary of SCL service area (inner
boundary included)

All the over head feeder lines in SCLservice area
Canopy density throughout SCL service area from
2011

The transportation network (streets) for SCL
service area

Location of manufacturing centers

ManufacturingindustrialCenter Manufacturing and Industrial areas

Parks

TreesPlanted

TreesRemoval

WasteWaterTreatmentFacility

Wetlands
InequitylndexMCE_Intermediate

FacilitySCL

Greenspace

Greenspacelntersect

HospitalsSCL

IndustrialCenters

SCLTractsCanopySptin

TreesPlantedintersect

TreesRemovedIntersect
InequitylndexMCE_Result

InequitylndexResult
SCLCalculateNetimpact_Results

FeederCanopylOFtBuff
FeederCanopylOFtBuffSort

Public parks in the greater Seattle area
Samples of trees planted throughout region
Total trees removed at specific location and time
Waste water facility locations

Wetland areas

Facilities within tracts

Greenspace within tracts

Intersect of all areas for greenspace

Hospital locations in the greater Seattle area
Industrial centers within selected tracts
Tracts joined with the percent canopy layer
Trees planted joined with tracts

Trees removed joined with tracts

Result layer with all scores

Qualifying canopy within 10 ft. buffer of feeder
line

FeederCanopylOFtBuff sorted

Qualifying canopy within 10 ft. buffer of feeder

FeederCanopyResults_Dissolve line dissolved by feeder line ID

OH_Feeder_CanopyResults

Area (sq. ft.) of canopy within input clearance
distance of each feeder multi-line part

OH_Feeder_CanopyResultsSort OH_Feeder_CanopyResults sorted

OH_FeederlOFtBuffer
TotalFeederCanopyResult
SCLCanopyPercent_Results
OH_FeederPercentCanopy
SCLPercentCanopylOFtBuff
SCLGetSelectedCanopyCover_Results
ArterialFeederSurfaceHeight
FeedersArterial_10FtBuff
FeedersNonArterial_10FtBuff

FeedersSplit

Feeder lines buffered by user input distance
Final result of total area (sq. ft.) of canopy within
input clearance distance per feeder line

Result area (sq. ft.) of canopy possibly within

Seattle City Light (SCL)
King County GIS Portal
King County GIS Portal
Derived (digitized) by analyst

Derived (digitized) by analyst
Seattle City Light (SCL)
Derived from United States Forest Service (USFS)
Seattle City Light (SCL)

King County GIS Portal
King County GIS Portal
King County GIS Portal
Seattle Department of Transportation (SDOT)
Seattle City Light (SCL)
King County GIS Portal
King County GIS Portal

MCE workflow
MCE workflow
MCE workflow
MCE workflow
MCE workflow
MCE workflow
MCE workflow
MCE workflow

Derived from
Derived from
Derived from
Derived from
Derived from
Derived from
Derived from
Derived from

Derived from MCE workflow

Derived from python

python

script tool
Derived from script tool

Derived from python script tool

Derived from python
python
python

script tool
script tool
script tool

Derived from
Derived from

Derived from python script tool

clearance distance based on percent canopy layer Derived by analyst

Selected grid cells from SCLAreaPercentCanopy
raster within clearance distance

Final qualifying canopy area layer
(NonArterialFeederSurfaceHeight appended to
this layer)

Feeders associated with primary arterial streets
buffered by input clearance distance

Feeders associated with all other types of streets
buffered by input clearance distance

Feeder lines split at vertices to associate with
streets

Qualifying canopy area layer from non-primary

NonArterialFeederSurfaceHeig arterial streets

ResultSurfaceHeight
Tables
Incomel10
RacePopulationCensusTract10
Raster Datasets
BaseHeight
SCLAreaPercentCanopy
SCLPercentCanopy
TopSurfaceHeight

Feature class resulting from subtracting the
BaseHeight from the TopSurfaceHeight raster
dataset

Income by census tract from 2010
Race and population by census tract from 2010

Base 6ft. Resolution raster from LIDAR 2000

Canopy density that intersects SCL feeders 2011
Canopy density for entire SCL service area 2011
Top surface (first return) raster from LIDAR 2000

Derived by analyst

Derived from python script tool

Derived from python script tool

Derived from python script tool

Derived from python script tool

Derived from python script tool

Derived from python script tool

Puget Sound LIDAR Consortium (PSLC)
United States Forest Service (USFS)
United States Forest Service (USFS)
Puget Sound LIDAR Consortium (PSLC)

NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington

NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington
NAD 1983 HARN StatePlane Washington

North
North
North
North

North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North

North

North

North

North

North

North

North

North

North

North

North
North

North
North
North
North

FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe

FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe

FIPS 4601 Fe
FIPS 4601 Fe

FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe
FIPS 4601 Fe

Polygon
Polygon
Polygon
Polygon

Polygon
Polyline
Polygon
Polyline
Polygon
Polygon
Polygon
Point

Point

Point

Polygon
Polygon
Polygon
Polygon
Point

Polygon
Polygon
Polygon
Polygon
Polygon
Polygon
Polygon
Polygon
Polyline
Polyline

Polygon

Polyline

Polyline

Polygon

Polygon
Polygon
Polygon
Polyline

Polygon

Polygon

Table
Table

Raster
Raster
Raster
Raster
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Figure 1 SES Map

Seattle City Light: Trimming
Trees and its Impaects on
the Urban Forest
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Seattle City Light trims over 100,000 trees in a 4-year cycle as a result
of required clearance distances for high-voltage distribution system.
In addition they remove 300-400 trees annually. The netimpact of
trimming trees has not yet been accounted for in current analysis but
plays an important role shaping the urban forest throughout the

greater Seatte region.
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Recommended Course of Action

It is the recommended course of action that Sustainable Seattle acquire professional GIS
assistance for site suitability and related project goals in an effort to convert impervious surfaces
to green space. It is also recommended that Sustainable Seattle use systems thinking when
considering criteria for sites in conjunctions with meeting funding standards and
recommendations as attempted in this analysis. Skill-sets required to use the design and methods
of the analysis outlined in this report entail experience and a level of understanding of scale and
social-ecological systems using GIS in relation to the neighborhoods of South Park and
Georgetown and reducing impervious surface. Continuance of the use of public knowledge using
public participatory GIS services is also recommended. It is recommended a second phase of
public participation occur after the suitable sites are known, giving the interested public a chance
to voice their opinion as to where the new publically benefitting properties should exist. Without
the use of the ArcGIS for Server account hosted by the University of Washington the second
planned phase of public participation; the phase in which the public can recommend their choices
for project sites will need to be done using one of these two open-source methods or another
agency will need to host the data on their server account. Analysis results can be made into
education and outreach efforts to help display how depaving a portion of underutilized pavement
will benefit the neighborhood (Nyerges and Jankowski 2010). For future similar projects, a
weighted analysis or pair-wise comparison may be a better methodology for projects where the
remaining eligible parcels are not as similar in characteristics and criterion better differentiated

them from one another.

It is recommended that project sponsors conduct an in-depth feasibility study to ensure
potential sites are suitable for green space. When sponsors are able to identify suitable parcels

and willing property owner participation, it is suggested to utilize the EPA’s National
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Stormwater Calculator and the USDA’s i-Tree Design tool for site feasibility (Rossman 2014,
USDA Forest Service Center for Urban Forest Research n.d.). The EPA calculator is a tool used
to review existing and proposed stormwater runoff of site conditions and the implementation of
green stormwater infrastructure (GSI) for green space. The i-Tree Design tool estimates the
benefits provided by individual tree related to greenhouse gas mitigation, air quality
improvements, and stormwater interception. These tools combined will be a useful to defend the
case for green space to local decision makers, community members, and property owners as well

as a means to properly design a suitable site.
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Introduction

The two neighborhoods of study; Georgetown and South Park, are located along the
lower Duwamish River, with jurisdictional boundaries by Seattle’s Community Reporting Areas
(City of Seattle n.d.). Residing among mixed use industrial landuse and residential, the
neighborhoods share several topographical commonalities. The Duwamish River is one of their
major identifying boundaries; western boundary for Georgetown and eastern for South Park. To
the north, both neighborhoods boarder the Industrial District of Seattle, and both are situated at
the base of hill ranges, Beacon Hill to the east of Georgetown and Delridge to the west. Southern
boundary for both neighborhoods is the unincorporated areas of King County. State Route 99
and 509 run north-south through South Park and the railroad and Interstate 5 run north-south
through Georgetown. The industrial portions of the neighborhoods have housed companies such
as Boeing, and currently house the King County International Airport inhabiting the industrial
and manufacturing spaces that abut residential space. In such an environment large swaths of
impervious surface make the majority of the surface space, with minimal green infrastructure to
balance. SEE TABLE with total impervious. The Duwamish River Clean-up Coalition identifies
the neighborhoods as communities with high environmental burdens and low positive

environmental benefits (Cummings 2013).

Socially, the people of these neighborhoods have been identified as some of lowest
income earners, more likely to be sick, the most ethnically diverse, and have fewer
environmental benefits than the rest of Seattle as previously stated (Cummings 2013).
According to the 2010 census 27% of South Park’s population falls below the poverty line

Seattle total percent population below the poverty line is 15% for a comparison (Census 2014).
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Historically the area was forest and farm land and the Duwamish meandered naturally
through the area. Landuse change and industrial commerce, a railroad, and the re-routing of the
river for ocean bound vessels carrying cargo in the 1900’s drastically changed the area and made
it what it is today; highly industrial and impervious. Residential use has remained and is

intermingled with industrial areas of both neighborhoods (Wilma 2001).

ELLIOTT \%tn CHokote

BAY Claim No#/-3204)

Edward Hanford
farry o 44 320A

3

GEORGETOWN
C/aim NoAO-64+4A.
LM Colfins

Figure 1: Historic Claims map, Historic Waterway & Current Neighborhood Boundaries

Sustainable Seattle with assistance from Urban Systems Designs, are working towards
neighborhoods scale resiliency to climate change. Utilizing community participation of residents,
business owners, and local land owners, they are working towards a common vision for reducing
impervious surfaces and increasing green space in the Georgetown and South Park
neighborhoods of Seattle; thereby reducing storm water runoff, providing accessible green space,
providing CO2 sequestration, and less urban heat island effect to promote neighborhood

resiliency. On a neighborhood scale, and using non-profit channels, the desired outcome for the
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project is reduced impervious surface, and increased pubic green space. With the reduction of
impervious surface there is a reduction in storm water runoff, and reduced urban heat island
effect; thereby helping create resiliency of climate change, and the increase in green space to

take its place serving as a public benefit, and to serve potentially as a carbon sink.

The desired objectives of this project has been to provide data and knowledge about
Georgetown and South Park, to assist in site selection that meet criteria for suitable locations for
public green space, to provide a model or method for determining impervious surface totals, site
suitability, hotspot, and current green space analysis results, a workflow for repeating the
analysis by other GIS professionals in partnership with Sustainable Seattle, and a method for
gathering public input in relation to the best site(s) for impervious-to-green space creation within
the Georgetown and South Parks neighborhoods for Sustainable Seattle. The goal of this project
entails using thresholds and standards for sustainability management, taking into account the
social-ecological systems of the project, inviting public participation through interactive web
map technology. Sustainable Seattle has emphasized pollution run-off abatement in under-
utilized or abandoned parcels for top choice location(s). A method has been provides for public
participation through internet sources, allowing the public to access information, provide
feedback for, and choices on a web-map. Sustainable Seattle has been able to present to the
public sites selected based on the criteria for best site locations in the form of scenarios. The final
output for Sustainable Seattle includes web map technology for their in-house use allowing

limited gaps in their project workflow, and a continuation of public input via GIS technology.
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Problem Statement & Goals

The identification of sites at a parcel scale using GIS technology within the Georgetown and
South Park neighborhoods of Seattle for impervious conversion to green space following the
grant funding guidelines from King County Waste Water for site selection, while allowing public
access and input to the project to promote social collaboration, thereby fostering social value in
the sites selected. Supply Sustainable Seattle with total impervious surface percentage, identify
criteria for site selection, create public participatory GIS services for Sustainable Seattle that can

be used post- UW GIS help that is free and easy to use.

Scope

At the Duwamish water shed level, the aforementioned neighborhoods have been
identified by the Duwamish River Clean-up Coalition as low income, high diversity, high
impervious and low public green space. For this reason the neighborhoods have been selected by
Sustainable Seattle for impervious to green space projects. At the King County level where
funding from the project is coming from, the scope of the project includes identifying the
specifications and stipulations required by King County Waste Water, much of which serves as
exclusionary factors for converting impervious, industrial spaces to green spaces. GIS data from
the county and collaboration with King County Waste Water, was necessary to ensure correct
identification of the criteria. On the neighborhood scale, Sustainable Seattle is working with the
public and landowners to identify sites for the impervious-to-green space project. GIS has
assisted with this through interactive maps and feature services. The public or invited parties can
log in to an ArcGIS online account and supply pictures, comments, and notes, about a particular
site. Throughout the course of the project as the UW server has been available, a public feature

service has served to collect local knowledge parcel data. Local knowledge of the area is
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particularly important as one of the main criteria most important to Sustainable Seattle is the use
of under-utilized industrial space. “Under-utilized” is subjective and requires personal
knowledge, or everyday observation of the area. Neighborhoods scale criteria pertinent to the
Georgetown and South Park neighborhoods such as areas of drainage issues recorded by the city
for each neighborhood, population locations in each neighborhood and concentrations, and
sidewalk infrastructure, have supplied this neighborhood focal scale with data for the analysis.
At the smallest scale, the parcel, the site suitability analysis with all associated criteria has been
applied. Parcels that have not been excluded by the county criteria, and that have the highest
number of matching criteria are selected for Sustainable Seattle’s outreach campaign to contact
residents and land owners of the parcels to educate an encourage impervious-to-green space
conversion. GIS at the final site parcel level identifies the benefits associated with each final
parcel if it is chosen for green space. The data is presented on public interactive web maps, with
an editable feature that allows for public comment and input for each final site (see Appendix A:
SES Table).

The workflow outlined in this report documents the design and methods of the project,
describes results, discusses the intricacies of the process, provides the results of the analysis, and
a business case for potential application. The Design and Methods section is structured in the
following order:

e Public Participatory GIS
o ldentify Underserved Populations
o ldentify Populations that fall outside of the service area and use as a criterion
e Site Suitability Run
e Post Analysis Studies
o Feasibility Study to Check Results: PPGIS
o Final Service Area
e Second Tier Analysis

o Scenarios
o Recommended Sites
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Design & Methods
Public Participatory GIS

The use of public participation has been stressed throughout this project as neighborhood
scaled projects are specifically designed to provide a local voice using local knowledge,
neighborhood togetherness, and provide ecological benefits as a community (see Appendix J).
Project sites will be public benefiting green spaces and public participation helps ensure they are
placed in the most suitable and useable locations. Public participation was used in the beginning
of the multiple criteria suitability analysis through the use of an interactive web map, ArcGIS
Server license and an SDE database feature class. A map was created for project sponsors and
neighborhood contacts to assist data collection efforts by identifying known locations with
underutilized impervious surfaces. The functionality of the web map included user-input of
pinpoint placement, user contact information, notes and uploading of pictures. This initial phase
of public involvement occurred over the course of one week. Data collected in this manner were
used for two of the six criterion of the multiple criteria analysis. User input notes, sponsor
feedback and aerial photography were used to further categorize these highlighted properties as
consisting of parking lots or not parking lots. This distinction was made to separate the data into
two criteria; underutilized parking lots and underutilized parcels. All user-input sites were
considered underutilized parcels. During the one week of data collection twenty sites were
identified as underutilized parcels, thirteen of which were categorized as underutilized parking

areas.

Considerations were made with the onset of the project to include and test the use of free
access GIS products for public participation, mapping, and sharing geographic information. This

information can be easily used by non-GIS professionals and professionals alike to collect public
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input and feedback for the second phase of this project, or future projects. An ArcGIS online
account was created and data was configured for the public input of site images, documents,
notes and saved in the account. The service was tested and proven successful in a field study
feasibility analysis during the project (see feasibility analysis). No further server, software, or
professional GIS knowledge is necessary to use the service, and instructions and steps for adding

and storing data in the service have been provided for Sustainable Seattle (See Appendix G).

It is recommended a second phase of public participation occur after the accessibility of
suitable sites are known, giving the interested public a chance to voice their opinion as to which
of the new publically benefitting properties should be constructed. This second phase will be
done after project sponsors; Sustainable Seattle and Urban Systems Design, have made contact
and gained permission from private property owners of the suitable sites. Analysis results will
be made into education and outreach efforts to help display how depaving a portion of
underutilized pavement will benefit the neighborhood. GIS will then be used to create and
manage another interactive and publically editable web map with the properties that have agreed
to allow their parcel to transform into these public benefitting spaces. The editable web maps
not only enhance valuable feedback from a larger audience (Nyerges and Jankowski 2010) but
they are also a means for education and outreach to increase support for sustainability
management at the neighborhood level. Involving the public at varying phases of small scale
projects has proven to improve acceptance and viability of such work (Nyerges and Jankowski
2010). One of the major objectives for the King County Waste Water Division grant is to
increase awareness for the consequences of underutilized impervious surfaces on the

environment and the further implications climate change brings.
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Identify Underserved Populations

The methodology used for ParkScore, a Trust for Public Lands model, used to calculate
and rank parks helped establish thresholds and standards for this analysis. These standards
composed the major components of a green space. This includes the total acres of dedicated
public space, and accessibility to the green space by the surrounding population based on a %2
mile of uninterrupted connectivity to the park, such as a sidewalk without barriers such as major
roads, rivers, and fences (Trust for Public Lands 2013). The National Parks and Recreation
Association shares similarities with the Land Trust model but indicates a threshold of a ¥ mile
accessibility route, allowing for those unable to make longer journeys access to public green

space as well (National Parks and Recreation Association 2014).

For the analysis, the two methods were combined and the ¥ mile accessibility distance
along with park space per resident determined current deficiencies based on these suggested
thresholds using Seattle sidewalk GIS data for a connectivity route. In addition, an example
“best practice” was sought after to assure methodology validity. A white paper; Modeling
Walkability, written by Arjun Rattan, Anthony Campese, and Chris Eden, published by ESRI in
2012 provides suggested best practices for using GIS to better understand the walkability of a
city, region, or neighborhood. The main components outlined in the white paper are population, a
spatial unit of measure to contain the population, population density, a sidewalk network, and the
service locations of interest. In this instance the service locations of interest start with existing

public access green space (Rattan, Campese and Eden, ESRI 2012).

The steps of the analysis are as follows:

1. Identify existing public green space

2. Identify population

3. Identify where existing green spaces falls in relation to sidewalk networks.
4. Identify underserved populations.
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5. Visually identify on a parcel scale where the population resides for future analyses

Seattle City GIS supplied the green space GIS data used for the analysis. To identify
residents that currently do not have ¥ mile sidewalk connectivity to an existing public access
green space, a ¥ mile buffer from public greens space was created initially, then to collect better
detailed population numbers a green space service area was created using ArcGIS Desktop with
the Network Analyst extension and the data features listed below. The methodology used for the

Green Space Pedestrian Analysis included the following data:

DATA USE
Census block boundaries Defines area of population counts
Total Population Population within a census block
Sidewalk Walkable access to public green space and connectivity
Green Space locations Includes public green space currently in construction
Zoning Current zoning of the area
Landuse Landuse of the area
Buildings All buildings in the neighborhoods
Buffer As-the-crow-flies distance from public green space and boundary

Green Space Service Areas ¥ mile connectivity service area boundary
Table 1: Green Space Access Data

Data Preparation

Before the analysis could be conducted, data preparation was necessary to identify
populations and densities on a neighborhood scale, and to determine residential housing
locations in the mixed landuse environment of Georgetown and South Park. The 2010 Census
was used to locate total population within census blocks, the smallest unit of measure found for
this project. Though problematic for areal unit partitioning at the neighborhood scale for
identifying population clustering or concentrations within neighborhoods, the census block level
population data can be used in general to better ascertain population density (Lanford Unwin
1994). Obtaining census data with population information was done through King County GIS

Center where total population per census block and number of housing units per block was
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readily available in a GIS format (KCGIS 2014). Density was calculated using persons per acres
as the unit of spatial measure. Residential zoning GIS data was joined with buildings spatially.

Though number of residents per house was not available, identifying the population in regards to
the houses for which they live was used as a visual reference in the mapping of the data results in

the analysis.

Data preparation of existing public green space was required to calculate total acres per
park done in preparation of determining current green space deficiencies. Some post first
iteration data preparation was done after the results of the first as-the-crow-flies distance analysis
to green space were shared with the project sponsors. It was recognized that the GIS data did not
include current public green space projects under construction. These projects were added and

used in the second iteration of the analysis.

Analysis

The first iteration of the analysis, using ArcGIS Desktop software, used a simple ¥2 mile
spatial buffer applied to the green space feature, or 1,320 feet for the mapping data frame.
Population falling within the buffer was selected to determine the total population falling within
the corridor, or falling within a ¥ as-the-crow-flies distance from each green space. The total
acres of green space, based on the National Parks and Recreation Standard 6.25 minimum to 10.5
acres maximum per 1,000 residents, was also applied to each neighborhood (National Recreation
and Park Association 2012). The calculation for green space thresholds for each resident uses the

following calculation:

6.25/1,000 = .00625 acres per person minimum

10.5/1,000 = .0105 acres per person maximum
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First Analysis Iteration Results

Georgetown

Public Green Space Georgetown Playfield 5.2 acres

Oxbow Park .8 acres
Total Park Acres 6 acres

Total Population 1,306

Total Population Within Buffer 1, 056

Total Population Underserved 250

Total Green Space Deficiency Minimum 2.2

Acres Considered

Total Green Space Deficiency Maximum 7.7

Acres Considered

Table 2: Georgetown % Mile Buffer Green Space Accessibility Results

Calculations

Total Population Underserved: 1,306 — 1,056 = 250 residence
Total Green Space Deficiency:
(1,306 * .00625 = 8.2 acres) — 6 acres = 2.2 acres minimum
(1,306 *.0105 = 13.7 acres) — 6 acres = 7.7 acres maximum

South Park

Public Green Space Cesar Chavez Park 1.7 acres

Duwamish Waterway Park 1.5 acres
Marra-Desimone Park 8.6 acres
South Park Meadow 1 acre
South Park Playground 5.5 acres
Total Park Acres 18.3

Total Population 4,135

Total Population Within Buffer 3,727

Total Underserved Population 408

Total Green Space Deficiency Minimum Acres B#)

Considered

Total Green Space Deficiency Maximum 25.1

Acres Considered

Table 3: South Park % Mile Buffer Green Space Accessibility Results

Calculations

Total Population Underserved: 4,135 - 3,727 = 408 residence
Total Green Space Deficiency:
(4,135 *.00625 = 25.8 acres) — 18.3 acres = 7.5 acres minimum
(4,135 * .0105 = 43.4 acres) — 18.3 acres = 25.1 acres maximum
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The initial as-the-crow-flies analysis was shared with project sponsors and its usefulness

was determined. Further detail was added to the analysis with a “Service Area” rather than a

simple buffer and a second analysis was completed to provide a network of connectivity and

Figure 2: Existing Green Space
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accessibility to public green space and residents of the neighborhoods within a ¥ mile distance

as recommended by the NRPA (National Recreation and Parks Association 2012).

Second Iteration Analysis

Further accessibility analysis inclusive of a sidewalk network, additional green space
sites provided by project sponsors, census blocks, and census block population totals was
conducted to better determine deficiencies of access within the populations of Georgetown and

South Park.

Using GIS tools a “service area” was created measuring the distance along the created
sidewalk network ¥2 mile to determine public access green space. Total population and total
population within the service network, based on the 2010 census block data included in the %,
mile service area was calculated. Additional data used for this analysis were sponsor provided
green space data, sidewalk networks and zoned buildings, differentiating residential, industrial

and commercial.

Second Iteration Analysis Results

Georgetown Results

Public Green Space Georgetown Playfield 5.2 acres

Oxbow Park .8 acres
Riverside park .6 acres
Total Park Acres 6.6 acres

Total Population 1,306

Total Population Within Service Area 940

Total Population Underserved 367

Total Green Space Deficiency Minimum 1.6

Acres Considered

Total Green Space Deficiency Maximum 7.1

Acres Considered

Table 4: Georgetown % Mile Service Area Green Space Pedestrian Accessibility Results
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Calculations

Total Population Inaccessible by Sidewalk: 1,306 - 940 = 366 residence
Total Green Space Deficiency:
(1,306 *.00625 = 8.2 acres) — 6.6 acres = 1.6 acres minimum
(1,306 * .0105 = 13.7 acres) — 6.6 acres = 7.1 acres maximum

South Park Results

Public Green Space 12" and Trenton .4 acres

Cesar Chavez Park 1.7 acres
Duwamish Waterway Park 1.5 acres
Marra-Desimone Park 8.6 acres
Park by the riverside .5 acres
South Park Meadow 1 acre
South Park Playground 5.5 acres
South Park Plaza 3.47 acres
Total Green Space Acres 22.6

Total Population 4,135

Total Population Within Service Area 3,979

Total Population Underserved 156

Total Green Space Deficiency Minimum 3.2

Acres Considered

Total Green Space Deficiency Maximum 20.8

Acres Considered
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Table 5: South Park % Mile Service Area Green Space Pedestrian Accessibility Results

Total Population Underserved: 4,135 — 3,979 = 156 residence

Total Green Space Deficiency:
(4,135 * .00625 = 25.8 acres) — 22.6 acres = 3.2 acres minimum
(4,135 * .0105 = 43.4 acres) — 22.6 acres = 20.8 acres maximum
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The final Iteration

The final iteration of the pedestrian access analysis using the ESRI, ArcGIS Network
Analyst, Service Area tool was used on the remaining 32 sites with sidewalk network
connectivity within 100 meters of the network. Of the 32 sites, only 10 had sidewalk network
connectivity, therefore only 10 of the 32 were included in the final service area analysis using the

threshold of ¥ mile distance, the final sites in relation to population were analyzed.

Results

Results of the analysis using the 10 sites with pedestrian network connectivity show 2
sites have 0 residential populations falling within the service area. Three sites have 19 residents
living within the service area of those three sites, two with 66, one with 1, and one with 354

residents.
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Pedestrian Accessibility Results

The results from the first iteration provide a general overview of who falls within the ¥4
mile distance from each current green space. The second iteration has more detail and takes into
account the mode of travel, walking on sidewalks, with additional data representing smaller scale
population, though numbers are not available. The resulting spatial data show populations on the
fringes of residential zoning falling outside of the service areas. These areas were then used on a
parcel scale in the multiple criteria analysis as underserved populations that require a green space
within proximity and accessible according to National Recreation and Parks Association

standards (2012).
Pedestrian Accessibility Limitations and Simplifying Assumptions

Measuring accessibility to public green space in this study took into account three
societal pedestrian infrastructure elements that can measure access; distance, available sidewalk,
and sidewalk connectivity. There are numerous studies outlining social metrics of access,
environmental measures of access, and the capabilities of all individuals to travel distances
(Hutabarat 2009). Infrastructure access data relating to population locations was available for
analysis, and therefore was utilized in this study. However, for a more detailed study of
accessibility, social and environmental pedestrian measure data on the neighborhood scale, such

as crime and safety, comfort and personal space, should be added (Hutabarat 2009).
Recommendations for Pedestrian Green Space Access

The focus of the analysis was to determine locations of underserved populations of
Georgetown and South Park, Seattle by first locating populations that currently have sidewalk
connectivity within a % distance to public green space. Pedestrian level analyses in conjunction

with infrastructure and population locations have provided a good understanding as to where the
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underserved populations of both neighborhoods reside. It is recommended for future access
studies conducted by Sustainable Seattle that connectivity via sidewalk, bike paths, quality of
infrastructure, and existing amenities all be taken into account. Time constraints prohibited this
analysis from studying all afore mentioned measures. However, data has been provided to
Sustainable Seattle in GIS form for future use. For the fastest results, using scientific methods of
sustainability management practices, using a GIS professional to conduct future analysis will
yield more accurate results using a Service Area analysis. This was done using the ESRI
Network Analyst Service Area tool and requires a high level of GIS understanding to use. In the
first iteration of the analysis a simple % mile buffer was generated to generalize the populations
that fall within the buffer and those that do not. Though this method is simple to use, the results
are far less accurate or realistic. The second iteration using the Service Area tool calculated
Euclidian distance with 100 meter buffer from sidewalks to determine the area for which each

green space can be accessed via the sidewalk within ¥4 mile.

Site Suitability Analysis

GIS was used to locate the most suitable sites for the depaving project. Eight data
exclusions were determined, documented and spatially located to exclude the use of parcels
residing within any of the eight exclusionary criteria. Table 6 describes these exclusions, data
acquisition methods and data sources. Using the remaining parcels a multiple criteria site
suitability analysis was conducted for six spatial characteristics. See Table 7 for a listing of the
criteria, method of data acquisitions, and data sources of these. The criteria used in the analysis
were decided in collaboration between GIS students and project sponsors to ensure the data used
in the analysis both originated and satisfied the objectives described in the grant application. To

further refine the resulting suitable parcels a second tier of criteria was included in an overlay
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analysis. Three different scenarios were based on project objectives. See Table 8 for the second

tier of criteria used in the analysis. A quantitative value system counting the number of

overlaying criteria per parcel was used, providing Sustainable Seattle a total number of criteria

met per parcel(Safaripour 2012).

Criteria Data Acquisition Source

Industrial zoned only Zoning GIS layer King County GIS
Department

Contains impervious Impervious Surface GIS layer | King County GIS
surfaces Department

Not connected to CSO CSO GIS layer King County GIS
Department

Not used for residential

Landuse GIS Layer

Department of Ecology
GIS

Not within unsuitable

Unsuitable Infiltration GIS

King County GIS

infiltration layer Department

No superfunds on-site Superfunds GIS Layer Environmental Protection
Agency GIS

No TRI (toxic release Toxic Release Inventory GIS | Environmental Protection

inventory) on-site Layer Agency GIS

No brownfields inventory
on-site

Brownfields Inventory GIS
Layer

Environmental Protection
Agency GIS

Table 6: Exclusionary Criteria for Site Suitability According to Grant Requirements

Criteria

Data Acquisition

Source

Include Under-Utilized
Parking Areas

Public participation web map
(see Public participation
section for details)

Public feedback from
project sponsors and
neighborhood contacts

Include Under-Utilized
Parcels

Public participation web map
(see Public participation
section for details)

Public feedback from
project sponsors and
neighborhood contacts

Include Proximity to
Residential (greater than 1/4
mile walking distance to
green space)

1/4 Mile Service Area - see
Walkability analysis section
for details

Avoid Natural Drainage
Areas

Wetlands GIS layer

King County GIS
Department, University
of Washington WAGDA
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Include Drainage
Complaint/Problem areas
(runoff, flooding, puddling)

Drainage Complaint GIS
layer

King County GIS
Department

Include Proximity to Most
Densely Populated Areas

Population/square acre using
census block groups

King County GIS
Department, US Census
Bureau

Table 7: Criteria used to Establish Suitable Parcels
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Criteria Data Acquisition Source
Parcel minimum size of 3,333 square | Parcel GIS layer King County GIS
feet (1/3 total impervious in project) Department
Accessibility to sidewalks Sidewalk GIS King County GIS
layer/Impervious GIS Department

Raster

Population served with additional
green space within 1/4 mile service

1/4 Mile Service area -
Walkability analysis

King County GIS
Department/ ESRI

area ArcGIS Online
Estimated Available Amount of Impervious GIS Raster King County GIS
Runoff per Impervious Surface area Department

Parcels with a Dept. of Ecology water
quality facility located within 100ft

EIM GIS Layer

Department of Ecology

Table 8: Second Tier used to Establish Scenarios and Final Recommendations

The major project objectives were to create more green space benefitting the

neighborhood while simultaneously creating a healthier watershed. This is to be done by

installing green storm water infrastructure, promoting additional canopy cover and removing

underutilized impervious surface to move the neighborhoods closer to becoming resilient to

climate change. The three scenarios proposed for this were Greatest Green Space Pedestrian

Accessibility Gains, Greatest Ecological Gains and Highest Overall Criterion Met. Groupings of

the second tier criterion were developed and scored to determine the parcels most fitting for each

scenario. The parcels found most suitable for the Greatest Green Space Pedestrian Accessibility

Scenario were chosen by summing the greatest total criterion involving any population gaining

green space access as identified in the analysis. Those among the choice parcels for the Greatest

Ecological Gain Scenario involved those that had the largest number of spatially intersected
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criterion of Department of Ecology monitoring facilities and containing at least 3,332 square feet
of impervious surface available for mitigation and therefore a large amount of estimated runoff.
The Highest Overall Criteria Scenario was determined by finding the sites with the highest total

of all the second tier criterion intersected through the overlay analysis.

In order to ensure transparency and repeatability, the workflow used for running the site
suitability analysis was created through the use of five scripts. The entire analysis can be re-run
using the same data, or data of the same type, in different neighborhoods. Scripts were written
using Python 2.7 and then exported and described in ArcCatalog 10.2 as tools. Each input for
each script has user-defined inputs and descriptions to help correctly run the tool. Exporting
scripts as tools provided a means to be used for future similar projects with different data and to

allow for iterative sensitivity analyses to be conducted.

Feasibility Study

A Feasibility Study, to objectively evaluate the condition of the selected sites, was
conducted to visually verify suitable site location and to take notes about the site and
surrounding area. Using a web map and map book that was created for public participation, sites
were located, photographed and documented. This information was then applied to a PPGIS web
map for the continued effort of including public participation in all phases of the depave project.
The Feasibility Study was used to evaluate the potential of the suitable sites to support the
decision making process. While extensive effort went into determining the suitability of sites
through GIS analyses this preliminary study incorporated photos and notes to a web map. Figure
4 displays a parcel that has been selected in the web map. It shows the user defined information

that a viewer can review per parcel. A “How to” list of instructions has been created so the
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sponsors may continue to present information about project status to the public as well as to

obtain feedback.
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Figure 5: Web Map Interface
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Results

Site Suitability Analysis

Thirty-two parcels were remaining after the exclusionary data was overlaid on the parcels
within the Georgetown and South Park neighborhoods. After running the second tier criteria of
ideal project site characteristics eight sites resulted in the highest appraisal scores. These sites
were then chosen as parcels selected for the Highest Number of Criteria Met Scenario. The
parcels containing the highest number of ecological criteria were selected for the Greatest
Ecological Gains Scenario and the parcels with the highest number of overlapping characteristics
pertaining to a gain in pedestrian accessibility to green space were selected for the Greatest Gain
of Pedestrian Accessibility to Green Space Scenario (see Appendix F for resulting maps of each
scenario). The resulting parcels from the Highest Number of Criterion Met Scenario were the
same eight parcels resulting from the Greatest Gain of Pedestrian Accessibility to Green Space
Scenario. Only one parcel had met both criteria used in the Greatest Ecological Gains Scenario,
twenty-eight had met one criterion and three had met none. Using the parcels selected from each
of the scenarios a recommendation was made for nine of the parcels to be endorsed for project
sponsors, Sustainable Seattle and Urban Systems Design to concentrate their education and

outreach efforts around.

Results have been documented through tables and maps, showing the analyses results and
criteria met in establishing each scenario. Table 8 shows the results of the overlay analysis for
each of the thirty-two suitable sites and the second tier criteria. Table 8 is categorized by storm
water system and has columns for each of the scenarios with a mark to indicate whether or not
the parcel was selected for each. The eight parcels with highest number of criteria met and

greatest gain of green space pedestrian accessibility were among the twenty-eight sites ranked
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second highest for the Greatest Ecological Gains Scenario; the nine recommended parcels
consisted of the eight parcels as well as the parcel with the highest appraisal score from the
ecological scenario. These nine parcels are located within four separate storm water systems;
this fulfills the grant requirement of selecting three sites from three different storm water
systems. The nine recommended parcels are highlighted in Table 8. Resulting maps of the site
suitability analysis are shown on Figures 5 and 6; Figure 5 shows the 32 resulting parcels from

overlaying exclusionary data and Figure 6 shows the locations of the nine recommended parcels.

These results have also been made available as web maps for Sustainable Seattle to share
them amongst community members. A link to a map comparing the scenarios and recommended

sites can be found here: http://uw-geog.maps.arcgis.com/apps/StorytellingTextLegend/

index.html?appid=109336a46ff146a6ace585898df744ab.

Storm water System - Diagonal

First Tier Second Tier Criterion Scenarios
Criterion (met)
Parcel PIN High No Sidewalk Added DOE Lot Est. Second  High- Greatest  Greatest
Density Natural ~ Connect- Green site Min Runoff Tier est Public Eco-
Resident  Drainage ivity Space SqFt Total Ove- Access logical
-ial Access rall
3573200005 High No Sidewalk Green Lot Min 4 X X X
Residenti Natural Access Space Min  Impervio
al Drainage Populati SqFt us
on 3,33 Surface
Served 2+  Available
3,332+
3573200040 High No Sidewalk Green Lot Min 4 X X X
Residenti Natural Access Space Min  Impervio
al Drainage Populati SqFt us
on 3,33 Surface
Served 2+  Available
3,332+
3573200135 High No Sidewalk Green Lot Min 4 X X X
Residenti Natural Access Space Min  Impervio
al Drainage Populati SqFt us
on 8k8 Surface
Served 2+  Available

3,332+
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High No Sidewalk Green Lot Min 4 X X X
Residenti Natural Access Space Min  Impervio
al Drainage Populati SqFt us
on 3,33 Surface
Served 2+  Available
3,332+
First Tier Second Tier Criterion Scenarios
Criterion (met)
High No Sidewal Added DO Lot Est. Secon Highes Greate Greate
Density  Natural k Green E Mi  Runoff d t st st Eco-
Residenti  Draina Connec  Space  site n Tier Overal Public logical
al ge t-ivity  Access SgF Total | Access
t
High No DOE Lot Min B X
Residential Natural site Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Sidewalk Green Lot Min 4 X X X
Residential Natural Access Space Min  Impervio
Drainage Populati SqFt us
on 3,33 Surface
Served 2+  Available
3,332+
High No Sidewalk Green Lot Min 4 X X X
Residential Natural Access Space Min  Impervio
Drainage Populati SqFt us
on 3,33 Surface
Served 2+  Available
3,332+
High No Sidewalk Lot Min 8 X
Residential Natural Access Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
I
First Tier Second Tier Criterion Scenarios
Criterion (met)
High No Sidewal Added DO Lot Est. Secon Highes Greate Greate
Density  Natural k Green E Mi  Runoff d t st st Eco-
Residenti  Draina Connec  Space  site n Tier Overal Public logical
al ge t-ivity  Access SqF Total | Access
t
High No Sidewalk Green Lot Min 4 X X X
Residential Natural Access Space Min  Impervio
Drainage Populati SqFt us
on 3,33 Surface
Served 2+  Available
3,332+
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High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
I
First Tier Second Tier Criterion Scenarios
Criterion (met)
High No Sidewal Added DO Lot Est. Secon Highes Greate Greate
Density  Natural k Green E Mi  Runoff d t st st Eco-
Residenti  Draina Connec  Space  site n Tier Overal Public logical
al ge t-ivity  Access SqF Total | Access
t
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
|
First Tier Second Tier Criterion Scenarios
Criterion (met)
High No Sidewal Added DO Lot Est. Secon Highes Greate Greate
Density  Natural k Green E Mi  Runoff d t st st Eco-
Residenti  Draina Connec  Space  site n Tier Overal Public logical
al ge t-ivity  Access SqF Total | Access
t
High No Sidewalk Green Lot Min 4 X X X
Residential Natural Access Space Min  Impervio
Drainage Populati SqFt us
on 3,33 Surface
Served 2+  Available
3,332+
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High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
888 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No 0
Residential Natural
Drainage
High No 0
Residential Natural
Drainage
I
First Tier Second Tier Criterion Scenarios
Criterion (met)
High No Sidewal Added DO Lot Est. Secon Highes Greate Greate
Density  Natural k Green E Mi  Runoff d t st st Eco-
Residenti Draina Connec  Space  site n Tier Overal Public logical
al ge t-ivity  Access SgF Total | Access
t
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
I
First Tier Second Tier Criterion Scenarios
Criterion (met)
High No Sidewal Added DO Lot Est. Secon Highes Greate Greate
Density  Natural k Green E Mi  Runoff d t st st Eco-
Residenti  Draina Connec  Space  site n Tier Overal Public logical
al ge t-ivity  Access SgF Total | Access
t
High No Sidewalk Lot Min 3 X
Residential Natural Access Min  Impervio
Drainage SqFt us
8823 Surface
2+  Available
3,332+
High No Sidewalk Lot Min 3 X
Residential Natural Access Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
I
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First Tier Second Tier Criterion Scenarios
Criterion (met)
High No Sidewal Added DO Lot Est. Secon Highes Greate Greate
Density  Natural k Green E Mi  Runoff d t st st Eco-
Residenti Draina Connec  Space  site n Tier Overal Public logical
al ge t-ivity  Access SqgF Total | Access
t
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
& Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
3,33 Surface
2+  Available
3,332+
I
First Tier Second Tier Criterion Scenarios
Criterion (met)
High No Sidewal Added DO Lot Est. Secon Highes Greate Greate
Density  Natural k Green E Mi  Runoff d t st st Eco-
Residenti Draina Connec  Space  site n Tier Overal Public logical
al ge t-ivity  Access SgF Total | Access
t
High No Lot Min 2 X
Residential Natural Min  Impervio
Drainage SqFt us
828 Surface
2+  Available
3,332+
High No 0
Residential Natural
Drainage

Table 8: Site Suitability and Scenario Analyses Results
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Depave the Duwamish: All Resulting Possible
Parcels Determined A fter Exclusionary Data
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Thirty-two parcels remained possible site locations
for the Depave the Duwamish grant after all
exclusionary data was overlaid. The eight
exclusionary data consisted of industrial zoned only
contains impervious surfaces.not connected to CSO
not used for residential, not within unsuitable infiltration
areas, no on-site superfunds, no TRI (toxic release
inventory) on-site, and no brownfields inventory on-site.
Overlaying spatial data for these eight exclusions

| resulted in possible parcels falling from 2,509 to 51.
A feasability analysis was conducted with ground
truthing and aerial overlay to further drop this number
of possible parcels to 32. Sites were dropped from
the possible parcels if they consisted of only a building
or contained only aman-hole in the middle of aroad.

Depave the Duwamish:
All Possible Parcels
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Figure 6: All Possible Parcels for the Depave the Duwamish Project
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Nine sites have been selected as the most suitable
sites resulting from the multi-criterion site suitability
analyses. These sites were selected as the sites

with the greatest overall gain both socially and

i ecologically. Private property ownership permission

is required to conduct depaving work: these nine
selected sites are the recommended sites for
concentrated education and outreach efforts.
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Figure 7: Nine recommended parcels for concentrated education and outreach efforts for the Depave the Duwamish Project
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Discussion

Site Suitability

The multiple criteria suitability analyses resulted in narrowing down 2,509 possible
parcels located in the area of interest to 32. Eight exclusionary datasets were analyzed using an
overlay analysis due to the requirements of the ‘Lower Duwamish Air and Water Quality
Improvement Grant’ in which this project is funded. Property owner permission is not only
required but an agreement must also be made to work with community members to manage the
newly depaved areas until plants are established. The second tier of criteria used in the analysis
further refined the sites into groupings of the most suitable locations according to one of three
scenarios. The scenarios used in this analysis were sites with the greatest gain for pedestrian
accessibility to green space, greatest ecological gain and highest number of overall criterion met.
Using the outcomes of the scenarios nine sites have been selected that best represent all three
outcomes; representing the objectives of the grant and having the most suitable qualities of a
project site regarding location and amenities it could provide. The purpose behind
recommending nine sites is to give Sustainable Seattle specific locations where efforts should be
targeted to gain the most valuable social and ecological benefits when selecting their three sites

to work on.

Current conditions of Georgetown and South Park show 56.21% and 52.46% respectively
of the neighborhoods to be impervious, excluding buildings. Literature reviews show
environmental degradation begins when an area reaches 10% impervious (“Urban Nonpoint
Source Fact Sheet”, Frazer 2005). Streams show degradation occurs but are not heavily
impacted until higher levels of impervious begin to persist. Percent impervious between 10 -

30% show impacted conditions (Klein 1979). Severe degradation begins when impervious
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surfaces reach levels higher than 30% (“Urban Nonpoint Source Fact Sheet”, Klein 1979). Table

9 shows the amount of impervious surface both neighborhoods contain with current conditions,

and the possible outcomes depaving 10,000 square feet will make. The table also includes the

total square feet of depaving required to meet the 10% or 30% impervious thresholds.

. Impervious Surface to be Removed to Meet
Current Conditions
Thresholds (Square Feet)
If 10,000
Total
Total Square Impervious Percent Square Feet 10% 30% 50%
Feet P Impervious | Depaved (All | Impervious Impervious Impervious
Square Feet i
3 Sites)
Georgetown 43,184,057.46 24,274,885.74 56.21% 56.19% 14,590,765.98 | 11,626,706.00 | 6,771,728.85
South Park 41,971,651.82 22,017,757.01 52.46% 52.43% 15,756,729.63 | 13,348,567.71 | 8,945,016.31
Both 85,155,709.28 46,292,642.75 54.36% 54.35% 30,347,495.61 | 24,975,273.71 | 15,716,745.16

Table 9: Impervious Surface Conditions

Environmental Impacts

As previously mentioned literature reviews cite environmental thresholds of impervious
surfaces within watersheds are severely degraded past the 30% impervious threshold (Klein
1979, “Urban Nonpoint Source Fact Sheet”). This degradation begins with areas composed of
10% - 15% of a watershed (“Urban Nonpoint Source Fact Sheet”, Frazer 2005). Very sensitive
streams can begin degradation at even lower levels of percent impervious areas (Frazer 2005).
Studies have shown channel stability weakens, fish diversity lessens and overall stream health
weakens at the beginning stages of degradation (Delaware Sea Grant College Program 2005). At
a threshold of 15% impervious surfaces nearly 60% of benthic macro invertebrate taxa may
occur (“Impervious Surface: Water Quality Index”). While impervious surfaces alone do not
cause water quality damage, they do halt soil infiltration, causing pollutants to load the
waterways without an opportunity for soil or plant nutrient uptake. Streams can quickly turn into

storm water conveyances with the emergence of impervious surfaces within a watershed.
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Through the lack of infiltration and exponential increases in water, impervious surfaces
severely damage the social ecological systems existing in nearby water bodies (“Impervious
Surface: Water Quality Index”, Delaware Sea Grant College Program 2005, Klein 1979). Klein
compared the quality of water from urban runoff to raw sewage noting it could be 2-10 times as
polluted (1979). Total phosphorus and nitrogen from urban area runoff compose the second
highest pollutant loading rates from land use type (Klein 1979). Major types of contaminants
found and conveyed over impervious surfaces in storm water are metals, pathogens, nutrients

and organic chemicals (“Urban Nonpoint Source Fact Sheet”).

When water body conditions begin to decline it is not only the quality of water and its
resident ecological systems but a significant increase in water quantity occurs as well (Frazer
2005). The abundance of water contributed by increases in impervious surfaces can cause
wipeout conditions along stream banks and oftentimes, when caused by urbanization require new
and expensive storm water systems to be installed. According to research from a the Natural
Resources Defense Council when comparing the amount of runoff resulting from one acre of a
paved parking lot to one acre of a meadow, runoff increases sixteen-fold (Frazer 2005, “Urban
Nonpoint Source Fact Sheet”). Using the equation given for determining an estimated amount
of runoff from one acre of paved parking lot resulting in 3,450 cubic feet and one acre of a
meadow resulting in 218 cubic feet Table 10 shows estimated runoff (in cubic feet). Results are
formulated for current impervious surfaces as well as the changes that could be estimated for the
Georgetown and South Park neighborhoods, with a 10,000 square feet reduction of impervious
and if enough impervious was removed to meet either the 10%, 30% or 50% thresholds (“The
causes of urban stormwater pollution”). Although the comparable of a meadow in the urban
Georgetown and South Park neighborhoods is challenging, Frazer states pavement contributes

between ten and twenty times more runoff than grass (2005).
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. Estimated Runoff from 1 inch Rainstorm
Current Conditions ) A )
per percent impervious scenario (cf)
Estimated Estimated
Total Total i
Total Square : a Rainoff from | Runoff After | o, 30% 50%
Impervious Permeable linch 10,000 i . .
Feet i Impervious | Impervious | Impervious
Square Feet* | Square Feet Rainstorm | Square Feet
(cf) Depaved (cf)
Georgetown 43,184,057.46| 24,274,885.74| 18,909,171.72| 2,017,230.38| 2,016,488.41| 934,646.46| 1,154,569.36| 1,514,791.73
South Park 41,971,651.82| 22,017,757.01| 19,953,894.81| 1,843,691.71| 1,842,949.74| 674,597.35 853,274.56( 1,180,002.71
Both Neighborhoods | 85,155,709.28| 46,292,642.75| 38,863,066.53| 3,860,922.08| 3,860,180.12| 1,609,243.81| 2,007,843.92| 2,694,794.44
Neighborhood (Focal Scale) Total Runoff Percent Change -0.02% -58.32% -48% -30.20%
*Impervious surface does notinclude buildings

**Estimated runoff coefficients used are determined by amount of runoff calcuated on a one acre parking lot forimpervious surfaces and amount of runoff
calcuated on a one acre meadow for permeable surfaces. Figures used from research show 218 cubic feet of runoff on an acre of meadow and 3,450 cubic
feeton an acre of parking lot. (Source: Natural Resources Defense Council - The Causes of Urban Stormwater Pollution,
http://www.nrdc.org/water/pollution/storm/chap2.asp)

Table 10: Stormwater Runoff Conditions

Another direct environmental impact related to impervious surfaces is the urban heat
island effect. The urban heat island effect is caused by dark, low albedo impervious surfaces and
less canopy cover causing less reflective energy and more absorption energy from the sun. This
results in increases in temperatures within cities with an abundance of these land cover
characteristics (Giridharan and Kolokotroni 2008, “Community-Scale Environmental Measure
and Urban Heat Island Impacts™). Several sources cite a drop in temperature of at least 1°

Celsius from surrounding vegetation in urban environments (Bowler, Buyung-Ali, Knight and

Pullin 2010, (Kleerekoper, van Esch and Salcedo 2012). Kleerekoper states vegetation in urban

areas can cause anywhere between 1°-4.7° Celsius drop in temperature spreading between 100-
1000 meters (2012). Table 11 shows the current area of each neighborhood benefiting from this
urban heat island cooling effect as well as projected estimations for the additional area to be
served with three additional sites within the neighborhood. These calculated estimates assume
new sites will not have overlapping areas of cooling from existing parks or each other. A map
depicting the current locations of parks, the nine recommended sites and the areas of urban heat

island cooling that corresponds to 100-1000 meters of spreading is found in Figure 7.
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Current Conditions
Pzrcen ;/Lrea Percent Area Served
Total Square |Total Area of c elr.ve c y , by Cooling Effect of 3
Feet Parks 00 I;gogf ec Additional Sites
of 1000m (1000m Buffer)
Buffer of Parks
Georgetown 43,184,057.46 289,693.57 67.53% 67.55%
South Park 41,971,651.82 919,191.90 95.82% 95.84%
Both Neighborhoods | 85,155,709.28| 1,208,885.46 81.47% 81.48%
*Atleasta 1°Cdrop in temperature results from vegetation in urban areas (Giridharan et al. 2008;
Zoulia et al.2009; Bowler et al. 2010). According to Schmidt (2006) an urban park can lower the
temperatureany where between 1°- 4.7°Cspreading across 100-1000 meters througout the urban area.

Table 11: Urban Heat Island Effect
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Depave the Duwamish: Urban Heat Island Cooling

Benefits from Current Parks and Recommended Sites
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Urban heat island effect consist of documented
| ‘ E R increases in due to envi |
changes resulting from urbanization. Atleasta

\ { 1°C drop in temperature results from vegetation
Wi | in urban areas (Giridharan et al. 2008; Zoulia et al
i &1 = .2009; Bowler etal. 2010). According to Schmidt
T (2006) an urban park can lower the temperature
/. |anywhere between 1°- 4.7°C spreading across
i '~ |100-1000 m throughout the urban area. This map
Iy \\ /A1 S  |not only depicts where current parks are located
) | with their corresponding 100-1000 m possible
| spread of cooling but also where the nine
: ded sites are with their 100-1000 m
\— | possible buffers. Notice currently the Georgetown
L neighborhood lacks vegetation cooling effects
[ | however these areas may also be served with
N\ ' |vegetation cooling with the addition of one of
1 j 2 | |the recommended sites in that area.
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Figure 8: Urban Heat Island Effects

Although several other environmental impacts are caused from increases of impervious
surfaces within watersheds, the last environmental impact to be discussed in this report is carbon

sequestration. Sustainable Seattle expressed in their grant application their desire to create
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neighborhood scale climate resilience. Reducing impervious surfaces and replacing them with
runoff mitigation through green space is one way to work towards this goal, in so doing carbon

sinks for sequestration are also being created (Strobach 2011).

The US Department of Transportation Federal Highway Administration in partnership
with the US Department of Research and Innovative Technology Administration, as a
management intervention practice for climate change resilience, is studying green space for
carbon sequestration (Federal Highway Administration 2010). Data from their findings in the
project: Carbon Sequestration Pilot Program, or CSPP, has been applied to this project, and can
inform Sustainable Seattle and landowners as to the estimated amounts of carbon sequestration
that can be gained by implementing green space for the full 10,000 square feet, or .23 acres

provided by the King County Wastewater Division grant funding.

Table 12 provides estimated carbon sequestration rates for .23 acres of converted
impervious surface. Data in the table is based on the Federal Highway Administration’s
assumption that grasses on average can sequester carbon for 50 years, trees in general can
sequester carbon for up to 120 years, using the average age of vegetation of 25 years. Wetland
carbon sequestration rates were not supplied by the CSPP study and have been cited from the
article in Science Daily, 2012, Temperate Water Wetlands are Forgotten Carbon Sinks. Much of

the tabular data for wetlands was not available, thus empty spaces in the row.
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10,000 Sq Ft Total Acres Metric Tons of Pounds of
for green Carbon/Yearina Carbon/Yearina

space Life Time Life Time

Deciduous .23 .00000104 .0023 .
Coniferous .23 .00000177 .004 .52 1146.4
Mixed .23 .00000933 21 .51 124.3
Grasses .23 .000000024 .00005 .161 355
Shrubs .23 .000000136 .0003 .161 355
Total Unpaved .23 .0000000155 .000034 .244 538
Wetlands .23 632

Impervious .23 0 0 0 0

Table 12: Estimated Carbon Sequestration Rates of Converted Impervious Surface

Acres equivalent to 10,000 square feet are listed in the first two columns in Table 12 and
the columns following list the estimated sequestration amounts in metric tons, pounds, and the
amount of carbon stored over a lifetime of 120 years for trees and shrubs, and 50 years for

grasses. Unpaved open space has been included in the table as well.

Using the CPSS figures in relation to Parks and Recreations recommended green space,
the same carbon rates were applied to Georgetown and South Park for the total amount of
deficient green space minimum of 6.25 acres per 1,000 people, and the maximum of 10.5 acres
per 1,000 identified in the Pedestrian Accessibility Analysis (See page 20). Both neighborhoods
fall short of these thresholds; Georgetown lacks a minimum of 1.6 acres, and a maximum of 7.1
acres, and South Park lacks a 2.8 acres minimum, and 20.8 acres maximum. The following table
provides estimated carbon sequestration that can be gained by using grasses, trees, or both to
reach the National Parks and Recreations Association’s recommendations for green space in each

neighborhood.
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Georgetown

Potential Carbon Offset Grasses Coniferous Deciduous Mixed
Ibs/aclyr

Deficiency Min 1.6 acres .00008 .03 .02 14
Deficiency Max 7.1 acres .0015 123 .07 6.5
South Park

Potential Carbon Offset Grasses Coniferous Deciduous Mixed
Ibs/aclyr

Deficiency Min 3.2 acres .0007 .056 .032 2.9
Deficiency Max 20.8 acres .005 .36 21 19

Table 13: Estimated Carbon Sequestration Rates by Land Cover Type

According to Tufts University, Office of Sustainability, sequestrations rates for
vegetation vary greatly according to the location, the age of the vegetation, and composition
(Tufts Office of Sustainability 2014). With public green space implementation in the planning
phase to incorporate carbon sequestration as a benefit requires consideration of what the green
space will consist of and what type of maintenace emissions will result in the green space
implementation and life of the green space. For instance, if the green space consists of turf grass
that needs mowing, the emissions of the mower may offset any sequestration benefit gained by
planting grass. The same principal applies to any vegetation put in place that may require a lot of
maintence. According to Hostetler, Mark E, et al management practices that incorporate low
maintenance green space produce far less CO2 as by product from maintenance than vegetation
that requires consistant maintenance. Thus, urban open spaces with fertilized lawns and regularly
pruned trees are a source of CO2 rather than a sink. The University of Florida found that a 4-
hectare green space with 85% landcover in lawn produces 11 tons of C02 per year (University of
Florida, EDIS 2013). To maximize the benefits of green space for carbon sequestration, best
management practices include using long-lived, low maintence, fast growing species. In

conjunction with maintence practices to prolong life and vitality, using trees as wood products to
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delay decomposition and release of C02 for furniture, building products, and reducing fossil fuel
use in maintence activities as described in Sustainable Horitculture, April 2010 (Sustainable
Horticulture 2010).
Social Impacts

The impact of community design and landuse choices in relation to impervious surfaces
in urban studies, and social equity and well-being for sustainability is difficult to measure.
However, it is documented that access to green space affects the usefulness of green space for
public betterment and can serve to moderate inequalities (A.C.K. Lee 2010). High rates of
impervious surface in relation to green space within the Georgetown and South Park
neighborhoods is documented by the Washington Department of Ecology as extremely high, and
green space extremely low (ECY 2014). Sustainable Seattle is working towards reducing
impervious surfaces and replacing them with green space. The Duwamish River Clean-up
Coalition, a project partner to Sustainable Seattle, has cited the Georgetown and South Park
neighborhoods of Seattle as in need of public access green space to serve the neighborhood
populations, with indication that such access can make their neighborhood populations more
healthy. Outlined in their report; Duwamish Valley Cumulative Health Impacts Analysis: Seattle,
Washington, written by the lead investigator BJ Cummings, it was reported that residence
expressed concern that they lacked access to green space and places to play and exercise. Their
concerns were expressed through a community based participatory research project which

allowed local residents to share their opinions and worries (Cummings 2013).

In this project GIS technology has been used with sustainability management science to
formulate a social component to green space infrastructure. Key elements noted in the green
space and social well-being literature reviewed for this analysis mention two key social

components; collaboration on site selection, and access to the space (Environmental Design
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Research Association 2014). For the collaboration component the aforementioned PPGIS using
web map services and interactive features was designed to supply a methodology and tool for the
public of Georgetown and South Park for equal say and interaction for participation in the
Sustainable Seattle project. The main limitation with the PPGIS is internet access. The issue of
access to public green space by society, though complex in nature to measure, is a common
theme in the study of green space in relation to social well-being (A.C.K. Lee 2010). In this
analysis access is measured at the pedestrian scale, where car ownership and age do not define

the mode of travel, making sidewalks the network of choice to model connectivity.

A social impact from impervious surface amounts was not the focus of the previously
mentioned DRCC report. It is made clear that more green space would benefit these
neighborhoods not just for the environmental purposes of catchments for runoff, but also for the
social well-being of the communities and access to green space (Cummings 2013). According to
calculations made to measure total impervious surface area found in Table 9, the total
impervious surface area for Georgetown is 24,274,885, or 557 acres, and South Park comes in at
22,017,757, or 505 acres, with 6.6 acres of public green space in Georgetown, and 22.6 acres of

public green space in South Park calculated using GIS.

EPA’s National Stormwater Calculator

The EPA’s National Stormwater Calculator was utilized to analyze suitable sites as a test
for the next phase of Sustainable Seattle’s Depave the Duwamish project. The EPA calculator is
downloaded from EPA’s website at http://www2.epa.gov/water-research/national-stormwater-
calculator and runs on any version of Microsoft Windows (version 4 or higher). SWMM 5 is
used as the National Stormwater Calculators computational instrument using a nonlinear

reservoir model for surface runoff estimation and a GSI model for solving mass balance
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equations to express water volume change. It informs property owners and site developers of
stormwater runoff estimates for different scenarios over long periods of time using historic
rainfall data, localized soil conditions, slope, and land cover. Varying types of GSI practices are
used to help determine the amount of rainfall that can be captured and retained on-site to reduce

runoff (Rossman 2014).

Inputs of existing site conditions are selected to establish a Baseline Scenario. Soil
characteristics are determined using a SSURGO database or manually entered, the amount of
rainfall that can be infiltrated per soil class is determined based on the soils saturated hydraulic
conductivity rate, site topography (slope) is used to determine the rate of stormwater runoff,
historic hourly rainfall data from the National Weather Service’s National Climatic Data Center
is used to calculate precipitation and evaporation, and user defined land cover is used as
percentages of the area being analyzed. A GSI Control Scenario is user defined to determine
percent of sites treated impervious surface areas may also be used, and, finally, climate change

scenarios can also be evaluated (Rossman 2014).

The results of the EPA calculator that were deemed significant to this project were
percent runoff, percent evaporation, and percent infiltration for both the baseline existing
scenarios and the GSI proposed scenarios for each of the suitable parcels. All sites had reduction
in runoff and increase of infiltration at varying degrees, and all but one site has an increase in
evaporation. (See Figure 9) These results are to be evaluated as a site specific before/after
comparison as each site varies in size therefore GSI designs are unique to each parcel. See
Appendix H for more information about design and methods, specific results and calculator

limitations.
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Depave the Duwamish: Green Stormwater Infrastructure

Analysis Using EPA's National Stormwater Calculator
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Business Case & Implementation Plan

Using an overlay analysis supported by a pedestrian sidewalk access study resulted in 32
sites chosen as the most suitable for Sustainable Seattle to move forward with their Depaving the
Duwamish project. The 32 sites were chosen to include a variety of locations for Sustainable
Seattle to start contacting landowners for interest. GIS analysis conducted up until this point will
provide the visual and factual support to help explain the importance of the public’s cooperation
and leverage related educational outreach campaigns. Continued public involvement through
public participatory GIS (PPGIS) is recommended as this project specifically targets
neighborhood level involvement and will benefit by using local knowledge and feedback to

ensure a successful and feasible project is completed.

The purpose of this project was to aid Sustainable Seattle with their grant deliverables for
phase 1 of the King County Wastewater grant funded project. Phase 2 involves the post analysis
activities of documenting selected sites during rain events to collect measurable data, outreach to
selected site owners, and to educate the public on the program and environmental processes
involved. Project support will be needed from private property owners in order to implement
depaving underutilized property in the neighborhoods for environmental and social benefits to be
gained. Data collection efforts will help guide evidence for the business case of depaving,
particularly at the neighborhood scale where few published data exists. Several state owned
Department of Ecology (DOE) collection points exists within the project area. It is recommended

contact is made to DOE to collaborate on data collection efforts.

The technical nature of the analysis, with its multiple steps and components, along with
the public participatory web maps and features requires a high level proficiency in GIS. The

analysis is applicable to numerous scales of governance and allows diversity in usage by self-
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organizing associations such as Sustainable Seattle which works with local partners to inform,
educate, and take action on a neighborhood community scale for improved environmental and
social well-being. The recommended usage is therefore at the non-profit level where the ground
work and public participation is at its foundation, thereby empowering landowners, residents,
and local business owners to use GIS to participate in their neighborhood improvement activities.
In so doing, with the combination of local knowledge inputs and GIS technical capabilities, site
selection time is decreased by months, allowing Sustainable Seattle to contact local land owners
more quickly, and provide parcel benefits created by the analyses and tools, thereby bolstering
the process to a green space landuse. It is a top priority for Sustainable Seattle to locate land,

contact landowners, and working with the communities, convert that land to green space (See

Appendix J).
Personnel $57,000 yearly salary Highly skilled GIS Analyst
Salary
Hardware $3,000 Hardware capable of using GIS specialized
software and processes
Software ArcDesktop License: $1,500 Highly specialized software that can assist in
ArcServer License: $5,000 decision making processes, cutting overall
Network Analyst: $2,500 time and associated costs.
Spatial Analyst: $2,500
Python: Open Source
Data Data sharing agreement Expansion of knowledge base about the
social-ecological system. Intangible benefit
may include greater relations between levels
of governance.
Web Map Single User: Free A free service up to one administrator that
Service allows information via map display that can

serve to inform the public, organizations,
agencies, and policy makers.

Table 14: Cost and Benefit Table
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The average salary according to Indeed.com for a non-profit employee working in Seattle
is $53,000 yearly (Indeed, Non-Profit Salary 2014). The average salary for a GIS professional in
Seattle is $61,000 depending on the level of skill (Indeed, GIS 2014). The average between the
two was used in the Associated Costs column (See Table 14. Cost and Benefit Table). The cost
for the personnel cited in Table 14 does not account for insurance and other benefits. The data
costs cited assumes a data sharing agreement that allows for a financial cost-free transaction and
thereby avoiding incurring costs for needed information from other agencies and groups. The
costs in the table also assume that all data needed to run the analyses can be acquired from
county and city agencies and organizations without cost (Appendix K). Web mapping data
display via a web map service can be published by a single service administrator for free by
ESRI’s ArcGIS Online, with an open-source access to the public (ESRI 2014, “Features”). The
same service can publish results from Network Analyst (service area) via shapefiles uploaded to
the cloud service, avoiding the cost of the ArcServer license. However something for the non-
profit to consider is the ease of data sharing ArcServer provides, both between and among groups
and agencies if a data sharing agreement is reached. It also allows for additional application
development for public use and interaction, such as a phone application not covered in this report
(ESR1 2013, ArcServer). The costs associated with the analysis may not have a balanced
associated financial benefit for the non-profit salary (Table 14 Data sources: UCD 2014, ESRI
2014, ArcServer, Python 2014, ESRI1 2014, ArcDesktop, ESRI 2014, Agent Analyst, CostHelper
2014, Salaries.com 2014, ESRI 2014, Features.) However, with a highly skilled analyst working
internally with the data received and then generated by the analysis, significant knowledge is
gained from outputs, inclusive of public access to green space, runoff and infiltration percent,
and gaining public knowledge through GIS tools. Whereas business as usual, focusing on the

ground survey, checking multiple data sources such as the county or city parcel data using tables
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and paper maps takes a significant amount of time. The workflow for implementation has been

captured in Appendix E.
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Georgetown and South Park Neighborhoods, Seattle.

Social-Ecological Systems Table | Sustainable Seattle; GIS for Decision Support and Public Participation to Depave the Duwamish in

Map

Goverance

Environmental

Social

King County

Grant to fund impervious-to-
green space requires only
CSO basin non-connected
parcels. GIS identifies these
parcels for criteria

Duwamish

Duwamish River Clean-up
Coalition self organizes to
identify Georgetown and South
Park neighborhoods to be
lacking green space and have
high amounts of impervious
surfaces, galvanizing
Sustainable Seattle to seeck UW
GIS decision support.

“
©
2
&
=
&
&
=
Ty
i
z

Georgetown and South Park
residents galvanize to
decrease impervious and
participate in green space
site selection by identifying
key criteria through an
interactive web map.

Sustainable Seattle wants
to decrease impervious
surfaces in Georgetown
and South Park
neighborhoods to decrease
neighborhood runoft, and
lessen urban heat island.

Sustainable Seattle
wants to decrease
impervious surfaces and
increase public
accessibility to green
space in the
Georgetown and South
Park neighborhoods.

Parcels

Sustainable Seattle collaborates
with Georgetown and South Park
self organized systems using site
analysis results to contact and
share results with landowners via
static maps and web map
application picking their top sites
for further site study.

Parcels within neighborhoods are
identified as potential green space
based on environmental criteria:
high impervious, under-used,
unconnected to CSO, and are
away from toxic release
inventoricd parcels.

Parcels within neighborhoods
are identified as potential
green space based on social
criteria: close to population
densities, walkable distance
for residents, and fall outside
the service area of existing
green spaces, complaint areas
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Depave the Duwamish: A Site Suitability Analysis Using

Multi-Criterion Analysis and Public Participatory GIS
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Thresholds Matrix | Sustain Seattle: Depave Georgetown and South Park Change in % Impervious Total Surface
Governence Environmental Social
Grant Not Applied for
> King County Waste ARTRLE e
o g Water o{fcrs g'_anl te No grant offerad.
5 3 convert impe vlg;lo County land with
bl o 8reen space og high% impervious;
o 0 ““"{l""(’;‘;s": A hign storm water
® < PRCES. s nnd runoff in county
[ site suitable for green reRulfing
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locate site .
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GIS assistance.
.
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.
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= @
o H G
=] =3 o
w n .
[ gl .
3 ]
[=] .
o H >
< 2 ;
.
.
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* Lack of commurity iewclvement for impervious conversice .
. Between 10 8 J0% Totd Impenvions No walkabie graan space ciose andfor cument
less than 6,25 scres per 1,
_Q § Sustainable Seattie Self-org 4 — — Alternate State
US; g helps organize neighborhoods catchment, green space Accessible green Some residents not
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4 # : isiand effect neat island runeff runoff stay the
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x B i
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Legs than 30% Total Impervious Sudace
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JSustainabIe Seattle, Depave the Duwamish: Workflow Diagram for Recommended Implementation
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Appendix F

Depave the Duwamish: Highest
Number of Criterion Met Scenario

SUSTAINABLE
SEATTLE®@®®

Eights sites have been selected as the most suitable
sites resulting from the scenario in which the greatest
number of criterion are met. The criterion used to
determine these sites were the additional population
with access to green space within a quarter mile
walkability analysis. sidewalk accessibility. on-site
location of a Department of Ecology monitoring
facility. minimum lot size of 3,332 square feet anda
minimum amount of runoff to be mitigated for of
3.332 square feet. The sites selected for this
scenario all met four of the five criterion.
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Depave the Duwamish: Greatest Gain of Pedestrian
Accessibility to Green Space Scenario

Depave the Duwamish:
Greatest Green Space Accessibility Gains
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Eights sites have been selected as the most suitable
sites resulting from the scenario in which the greatest
gains to green space accessible is noted. The

criterion used to determine these sites were the
additional population with access to green space
within a quarter mile walkability analysis and whether
or not they were accessible by sidewalk.
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Locator Map

Depave the Duwamish:
Greatest Green Space Accessibility Gains
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Appendix G
Public Account Instructions
Go to ArcGISonline.com
To open and view the existing maps that have been created, login and click on the MY
CONTENT tab at the top of the viewer.

MY CONTENT:

MY CONTENT allows access to maps and data that have been saved from this project, make
new maps, and it also allows you to upload zipped shapefiles and GPS data from your computer.
The maps that have been created for you on your account should be in a visible list. Many of the
neighborhood scale shapefiles created for you in the SS_Shapefile folder can be added to MY
CONTENT by zipping them first, clicking the + Add Item tab, and choosing the file. Each

shapefile contains 6 files. The files look like this in a regular desktop folder:

ContaminatedSites.dbf|  Notice the file extensions; .dbf, .prj, .sbn, .sbx, .shp (2), .shx. All files must
ContaminatedSites.prj
ContaminatedsSites.son| 0€ Included in the zipped file in order for the file to work.
ContaminatedSites.sbx
ContaminatedSites.shp

ContaminatedSites.shp

ContaminatedSites.shx

Making a Map

There are two ways to create a map: Click on MAP at the top of the window and a new map with
a topographic basemap will open, or click on MY CONTENT, then Create Map tab by the + Add
Item tab and a new map with a topographic basemap will open. The * 4dd ~ tab at the top of
the map viewer allows you to add zipped files you have saved in MY CONTENT, from the web,
or from your computer. To select zipped shapes from your computer when the drop-down opens

select Add Layers From a File. To add layers from MY CONTENT select from the drop-down
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menu Search for Layers, and in the In box, from the drop-down, select MY CONTENT. As you

go through these steps you will find multiple sources for adding data to your map.

*Note: Shapefiles in a .zip file can be added to a new map, or an existing map.
To add files to an existing map, the same steps apply. To change the basemap, click in the
Basemap tab at the top of the map viewer. Here you will find options for your map’s basemap.
Click on the basemap that best suits your purposes. It will automatically update to your selected
basemap.

Change Symbols and Making Edits

Once you have data displayed on your map, you may wish to change symbols, make new

features, or edit existing features. On the left side of the map viewer the contents of the map are

listed when the Contents | icon is selected. The contents when viewable are checked next to

their name. To make them un-viewable uncheck the box.

To change the symbols of your data make sure the Contents icon is selected. Notice the
dropdown arrow by the data files added to the map. Within the dropdown options you will notice
that you can re-name your file, move it up or down, and numerous other options. Making
symbols viewable, and changing the default symbol can be done by selecting the Change
Symbols option. Click on this option and you will see a use with another dropdown to change the
symbol from a single symbol representing all the geographic data in the file, to unique symbols
to represent different information contained within the fields of the spatial data, to colors

choices, and sizes.

Making files editable starts in the same dropdown menu for each file as described previously.
Click on the * EnadleEdiing  gption. An Edit button appears at the top of the map viewer. Click
on the Edit button when ready to edit the data that has been enabled to edit. An editing window

will appear click on the icon of the data to be edited and then click the map to create the data.
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Double click the map to stop editing. A small box will appear and the data for this newly created
feature goes here. Fill in the data and cycle through the window by using the down arrow on
your keyboard. When you are finished click on the Edit button. Editing will stop. To the save the
newly created features, click the dropdown box for the file layer and select the Save Layer. The
file will be saved in your tab.

*If a file in the map is enabled for editing and the map is Shared with other groups or
individuals, they can edit the feature. For instance if you are in need of collecting local
knowledge data about an area you can enable a file for editing and share it with certain groups to

edit.

To add or view images, there must be an ‘Images’ field within the original added shapefile that is
to have viewable images. This can be a blank field that is used to gather images through the Map
or the images can already be within the shapefile to share with the map audience. To display
images within a popup there are two options: add all images while configuring the pop up for the
parcels or adding images to the appropriate field so that the images are site specific. The first
option is easy and useful if only dealing with a few sites (i.e., up to 10 parcels) as long as they
are named something meaningful so the viewer can find the connection between an image and

the parcel it represents. To do this, click onthe ~ (drop-down) arrow next to the desired feature

and select the & Cenflaure Pop-tp - qntinn \When the Pop-up Properties menu opens (see image

below), there are several options. Configure Attributes can be selected to check the fields you want
to display and edit, select a field to change its alias/displayed name, its order, etc. Make sure the

Image field is checked so that it can be viewed within the map. Under Pop-up Media, select the

AP0 button and choose Image. Change the default title to something meaningful that will

help the viewer to understand the connection between the image and the parcel (i.e., ID #: or

Photo:) then click on the *' symbol to add the attribute you would like to use to reference the
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image and parcel. A caption can also be added. We used the caption “To view larger image, click
on ‘More info’ above. And finally, the URL field name can be a copy of the URL where the
image is being stored. The URL box must contain paths to images that are stored on a publicly-
accessible server, such as your account on a photo-sharing site (i.e., a Facebook account).
Several images can be added, but all images will be displayed for all selected parcels. For

instructions on how to have site specific images, see below.

To add site specific images, a similar approach is taken as previously mentioned. We were able
to create an ‘Image’ field in the shapefiles attribute table and copied URLSs to the attribute table
directly. In doing so, we were able to set up the Configure Image box as seen below. We used
‘Photo of FID#:* and added the {FID} field as a descriptor so that when the parcel FID25 was
selected, the image would be labeled ‘Photo of FID#: 25°. And again, we used the caption field
to bring note to the fact that the More Info tab could be used to view a larger image. Lastly, we

were able to add the {Image} field to the URL box directly.

Configure Image

Specify the title, caption and URL for this image. Insert field
names to derive the display from attribute values.

Title:

Caption E

To view larger image, click on 'More info' above

URL
{Image}

Link {(optional)

CANCEL

But this can be done through the Map as well, as long as there is a blank ‘Image’ field created in

the shapefile being used. Select a parcel to view its Pop-up (see below).
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SuitableParcels_33 (ml 4
FID 2
PIN 2433700145
Notes South Park Storage (Car, Boat, RV)- Gravel/Dirt/Grass mixed
Full Address 9128 10TH AVE S
Property Name |SOUTH PARK STORAGE
Sidewalk No
Image https://fbcdn-sphotos-f-a.akamaihd.net/hphotos-ak-xfp1/t1.(
DELETE CLOSE
— -

As long as the Image field (in the Configure Attributes window) checked to the editable, a URL
can be added directly to the ‘Image’ field. The URL box (above) will still need to reference the

‘Image’ field, but the image doesn’t need to be previously saved in the shapefile.

A helpful online help page is available at: http://learn.arcgis.com/en/projects/get-started-with-

arcgis-online/lessons/configure-pop-ups/

Sharing Your Map

Once you have created a map to suit your purposes save the map and click on the ®® share tab. A
URL is provided for open source, online viewing if you check the - Evervene (Publicihgy o
embed in a website or social media site like Facebook, click on the EMBED IN WEBSITE
button and HTML is provided. The HTML can be copied and pasted directly to the host. To
create a web application you can click on the MAKE A WEB APPLICATION. From here you
choose a template to feature your map in. Click the Publish drop-down to download the template
for immediate use, or preview your map before you download. To keep the map within a group,
such as yourself and project partners, you can create a group

Creating Groups

Sharing data with the public, especially edit-enabled data maps, opens to door to unwanted
changes, unless the changes have been suggested or directed by you. You can keep your map
edits and changes within a group context by creating a group to share your map(s) with. Log in

to your argisonline public account and click on GROUPS at the top of the page. Click on the



http://learn.arcgis.com/en/projects/get-started-with-arcgis-online/lessons/configure-pop-ups/

http://learn.arcgis.com/en/projects/get-started-with-arcgis-online/lessons/configure-pop-ups/
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% CREATE A GROUP jcon. You can create your group title, description, and summary. You can
invite people to join your group by sending them an e-mail request by clicking the

"4 INVITE USERS jcon and adding e-mails to the INVITE USERS window. You will see that a
Sustainable Seattle group has been created for you (groups members have not been added).
You can create multiple groups and share some or all of your maps and data with any one group,
are all groups.
What You Can Do with This Public GIS Account
Your arcgisonline public account has a lot of functionality for project management and decision
support. The most basic feature is the mapping feature and adding and editing data for a project.
You can request a zipped shapefile from Washington County GIS of your project area boundary,
obtain data from ESRI’s free, open source data files, create apps, and store important project
data. Dive in and start using the application, even just for testing its use in order to get use the

service. For more information and help with your account visit the following link:

http://www.esri.com/software/arcgis/arcgisonline/features/public-account

Public accounts have major limitations that will impact your mapping. The account has a 2G size
storage limit. With multiple projects, or the archiving of projects in the account may be
problematic, but taking project data off the account once finished with the project and storing it
on a personal computer can remedy the storage size limitations. Files uploaded to the account for
any purpose must have no more than 1000 features contained within them. An example of this is
housing units in a neighborhood. If a neighborhood contains more than 1000 houses within a

shapefile the file will not u



http://www.esri.com/software/arcgis/arcgisonline/features/public-account
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Appendix H

EPA’s National Stormwater Calculator

Inputs of existing site conditions are selected to establish a Baseline Scenario. Several
user defined or calculator defined inputs were used for each of these suitable sites. Every site has
its own spatial location and size (in acres rounded to the nearest tenths place) entered by the user.
Soil type can be derived from the calculator, if available, or entered manually. The soil types
available are: A — low runoff potential, B — moderately low, C — moderately high, and D — high
runoff potential. Table 4 displays the definitions of the soil types used by the EPA calculator.
Soil type was not available for the focal area of this project and also could not be located using
the Web Soil Survey operated by the USDA Natural Resources Conservation Service as soil
survey data is generally used for farming and agricultural planning. (USDA 2013) The majority
of the sites analyzed are classified as having high runoff potential (D) as the majority of the
parcels are mostly if not completely covered with impervious surface. Sites that are not 100%
impervious were given a C rating as they have undertaken high industrial usage such as
construction equipment traffic and storage that have compacted soils not allowing for much

infiltration. (Rossman 2014)

Low runoff potential and high infiltration rates when >0.45
thoroughly wetted. Consisting mainly of deep, well to

excessively drained sands or gravel.

Low/moderate infiltration rates when thoroughly wetted and 0.30-0.15
consisting mainly of fine to moderately coarse textures

(shallow loess, sandy loam).
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High/moderate infiltration rates when thoroughly wetted and 0.15-0.05
consisting mainly of moderately fine to fine textures (clay
loams, shallow sandy loam).

High runoff potential and slow infiltration rates when 0.05-0.00
thoroughly wetted. Consisting mainly of clay soils with high

swelling potential, soils with a permanent high water table,

soils with a clay-pan or clay layer at or near the surface, and

shallow soils over nearly impervious material.

Table of Definitions of Hydrologic Soil Groups (EPA)

The same is true for soil drainage. If soil survey data is not available, as is the case with
the focal area of this project, the user defines the rate at which standing water drains from the site
into the soil in inches per hour and a default of 0.4 inches/hour is provided. If this data is
available, however, it is displayed with four (4) symbolized classifications: < 0.01 inches/hour, >
0.01 to < 0.1 inches/hour, > 0.1 to < 1.0 inches/hour, and > 1 inch/hour. Of the sites analyzed, six
(6) sites fell within the D HSG group due to their high level of impervious surface to total area
ratios with the other three (3) sites in the C group. As a result, calculator default values of 0.01
was selected for the sites in the D group and 0.04 for the remainder in the C group. (Rossman

2014)

Topography (or slope) is calculator or user defined input using percent. If the data is not
available, the user has the option to select the following inputs: flat (2% slope), moderately flat
(5% slope), moderately steep (10% slope), and steep (above 15% slope). All sites analyzed have

a flat (2%) topography. (Rossman 2014)

Some inputs are selected by the user with calculator defined options. The EPA calculator
uses precipitation and evaporation in this analysis and provides a list of local rain gage and

weather stations. For this project, the Seattle-Tacoma Airport station was used for its proximity
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to the area of interest. The user also selects land cover for the site selecting percent of pervious
cover of forest, meadow, lawn, and desert with the remaining balance automatically calculated
by the calculator as impervious. The EPA calculator limits land cover percent inputs to whole

numbers including zero (0). (Rossman 2014)

3573200005 Bartell Drugs 79476.83 1.8245  D-high runoff 0.01
3573200040 Bloch Steel 24635.12 0.5655 D-high runoff 0.01
3573200135 All City Fence Co 49322.03 1.1323 C-mod/high  0.04
3573200920 Lux Lyfe 49333.08 1.1326 D-high runoff 0.01

5367200050 Cascade Pacific vacant 8445.47  0.1939  D-high runoff 0.01

5367200160 Cascade Pacific 16158.83 0.3710 D-high runoff 0.01
5367202410 Vacant (WSDOT) 8532.77 0.1959 C-mod/high  0.04
7327902490 Vac Land 4999.24  0.1148 D-high runoff 0.01
7327903330 Morton Marine 5001.03 0.1148 C-mod/high  0.04

Table of Baseline Scenario Inputs (Existing Site Conditions)

*Note: All sites had Flat (2%) slope site conditions and the SeaTac Airport was also used for all

sites as the rain gauge and weather station, so, therefore, not presented in the above table.

GSI controls are also user defined as percent of the site’s impervious area to be treated
and are selected to establish a Proposed Site Scenario.. And like land cover inputs, the EPA
calculator limits GSI control percent inputs to whole numbers. The options for GSI controls are:
disconnection, rain harvesting, rain gardens, green roofs, street planters, infiltration basins, and
porous pavement. (Rossman 2014) Many simplifying assumptions had to be made when

selecting the type and amount of GSI controls to select. For example, all sites with the exception
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of one had the minimum requirements for available space to install GSI/green space, so all
parcels received GSl/green space design for 3500 sqg. ft. while the other could only receive 2400
sqg. ft. GSI design. And with the absence of soil types and soil drainage information, educated
deductions had to be made, as defined previously. The table below displays the calculator inputs
for the suitable sites analyzed. Selected GSI design elements that are used in the stormwater
analysis have been generalized as property owner participation has not yet been established by

Sustainable Seattle. All GSI design specifications used are set to default values as each sites

design will
3500 4.404%  2705sf permeable pavement (3%) & 795sf street planters (1%)
2400 9.740%  2150sf permeable pavement (9%) & 250sf street planter (1%)
3000sf permeable pavement (6%) & 500 sf of street planter
3500 7.096%
(1%)
3500 7.095%  3000sf permeable pavement (6%) & 500sf rain garden (1%)
3500 41.442%  3000sf permeable pavement (35%) & 500sf rain garden (6%)
3500 21.660%  500sf rain garden (3%) & 3000sf pavement (19%)
2050sf rain garden (23%), 900sf pavement (10%) & 550sf lawn
3500 41.018%
(6%)
3500 70.011% 500sf rain garden (10%) & 3000sf pavement (60%)
3500 69.986%  500sf rain garden (10%) & 3000sf pavement (60%)

Table of Proposed Site Scenario (using GSI controls)

The results of the EPA calculator that were deemed significant to this project were percent
runoff, percent evaporation, and percent infiltration for both the baseline existing scenarios and

the GSI proposed scenarios for each of the suitable parcels. Because the value zero (0) has no
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measurable quantity, magnitude, etc., the percent difference formula was used to determine the
difference between baseline percentages and GSI scenario percent results. (Furey 2011) Percent
difference is the absolute value of the difference over the mean times 100 and the formula used is
: Percent Difference = (( | Ei—-E | )= (% (E1+Ey))) *100. (Percent Difference — Percent
Error n.d.) Percent change was also considered, but the formula for this calculation is not
applicable for situations with a zero (0) value that represents the “old” value, as is the case of
infiltration for the majority of our sites. (Pierce 2014) All sites had reduction in runoff and
increase of infiltration at varying degrees, and all but one site has an increase in evaporation.

These values are displayed in Tables 8.A & 8.B and is visually represented in the Stormwater

Runoff Analysis results.

Avg Avg Percent Percent Runoff
Annual Annual Runoff Runoff GSI Percent
Runoff Runoff GSI Baseline Difference
Baseline
n 30.78 29.79 0.84 0.81 -0.04
30.78 27.94 0.84 0.76 -0.10

N

- 30.78 28.78 0.84 0.78 -0.07
- 30.78 28.61 0.84 0.77 -0.09
- 30.78 18.76 0.84 0.50 -0.51
30.78 2411 0.84 0.65 -0.26

16.68 13.58 0.45 0.37 -0.20

30.78 11.21 0.84 0.30 -0.95

w

o

10.46 0.75 0.28 -0.91

Percent Percent Evaporation Percent Percent Infiltration
Evaporatio Evaporation Percent Infiltration  Infiltration Percent
n Baseline GSI Difference Baseline GSI Difference

0.16 0.17 0.06 0.00 0.03 2.00
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0.16 0.17 0.06 0.00 0.07 2.00
0.16 0.16 0.00 0.00 0.06 2.00
0.16 0.17 0.06 0.00 0.06 2.00
0.16 0.18 0.12 0.00 0.32 2.00
0.16 0.17 0.11 0.00 0.18 2.00
0.09 0.09 0.00 0.46 0.54 0.16
0.16 0.18 0.17 0.00 0.52 2.00
0.15 0.08 -0.61 0.10 0.63 1.45

Table of EPA Calculator Results

*Note: Negative symbols were applied to percentages that represent a decrease in values for easy

classification and decimal equivalents of percentages were used.

EPA Calculator Limitations

All models and calculators of this kind have limitations in one form or another. Scientific
phenomena cannot be explained in perfect detail by a model or calculator. (Annenberg n.d.)
Predictive models, when used properly, allow users to analyze highly complex systems and
events. Simplifying assumptions are made in order for the model or calculator to highlight areas
of concern, interest or topic that is being evaluated. (UNR 2012) While the user has the benefit
of location and size specific property inputs, the property size is displayed as a circular boundary
around the location point rather than detailed physical boundaries (i.e., property lines). Soil type
and drainage information is limited by the sources that provide the data, SSURGO and National
Weather Service’s National Climatic Data Center. Land cover inputs are limited to five (5) types
and GSI controls are limited to nine (9). Lastly, as mentioned earlier, land cover and GSI

controls are limited to whole number percent inputs which can have dramatic effects on some
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GSI control inputs, especially on large parcels implementing a small green space in comparison

for parcel size.

EPA National Stormwater Calculator User Interface

National Stormwater Calcu

|| overview Locetion | Soil Type | Soil Drainage | Topography | Precipitation | Evaporation | Climate Change | Land Cover | LID Controls | Resuits|

Site Name (Optional) » © @ | Road~
NERL - Athens v’

Search for an address or zip code:

900 College Station Rd., Athens, G# g
Site Location (Latitude, Longitude)
33.93064811825752,-83.35801094770431
Site Area (acres - Optional)

00 [

. s :

Bring your site into view on the map
and then mark its exact lecation by
clicking the mouse pointer over it.

§
kS

Z %
Q

1000 ¢ 225

© 2013 Mitrdsoft Compabiton ozouuoé

Locate the site on the map. Analyze s New Site  Save Current Site Bt

EPA Calculator can be downloaded at: http://www2.epa.gov/water-research/national-
stormwater-calculator
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Appendix |

i_Tree Design tool

Part of the USDA Forest Services i-Tree software suite, i-Tree Design uses location,
species, tree size, and condition as inputs to evaluated tree benefits related to greenhouse gas
mitigation, air quality improvements, and stormwater interception are estimated. The effects of
trees on building energy use can also be reviewed by adding virtual trees and the additional step

of drawing a building footprint. (i-Tree n.d.)

: : Start Over
i-Tree Design vs.0 164 South Michigan Street, Seattle, WA 98108, USA Save Prograss
Get started with these easy steps: ]

1. Draw Structures ?

2. Place Trees ?

Describe your tree: =
+ Tree species:

Maple, Norvay Al
+ Tree diameter: 3

Vlnches v

or circumference: 9.4

« Tree condition: | Excellent v
« Tree exposure to sunlight:
Full sun 4

Tree benefit zones:

« The colored zones surrounding the
structure, which appear as you
describe your tree, illustrate the
relative monetary value of energy
savings that the tree would provide in
each zone.

* Hover over each zone to see that
energy benefit information displayed
below the map.

To place a tree:

« Drag this icon [ to the location on the
map where you would like to place
your tree.

+ Repeat to place additional trees.

+ Hover over any tree you have placed
on the map to display its benefits. =

4| 1 |
3. Estimate Benefits ?

To test the i-Tree Design tool, one parcel was selected that had a building on site. The
parcel address was entered, the building was drawn, and the inputs were entered using a 20 year
projection to track tree growth and benefits. The inputs entered were: Norway Maple (a common
street tree in the Seattle urban forest) with a 3 inch diameter in excellent condition and exposed
to full sun. The tool provides “tree benefit zones” symbolized yellow (for poor) to dark green
(for best) and when a zone is hovered over, energy benefit information is provided. (i-Tree n.d.)

For this test, one tree was placed on the site as seen in Figure H.1.





i-Tree Design Overall, Stormwater, Energy, Air Quality, and Carbon Dioxide (CO2)
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results are displayed for the current year, future year, total years, and total to date. Based on the

inputs used on our sample site, this year the addition of one Norway Maple would intercept 114

gallons of stormwater and reduce atmospheric CO2 by 25 pounds. In addition to these benefit

results, the trees crown growth (canopy cover) can be modeled over a 60

determine the possibility of required maintenance for building and utility

year period to

interference.

i-Tree Desi gN v6.0 164 South Michigan Street, Seattle, WA 98108, USA

Qverall Benefits

Return to Setup
View Repart
Print

Save Result
About

This 3-inch diameter norway maple will provide J

W Stormwvater B sir Qualty overall benefits of $2 in the current year.
Owirter Savings B Co2 — e e .
: ile some functional benefits of trees are we
B Summer Savings documented, others are difficult to quantify (e.g.,
human social and communal health). Trees' specific
$317 geography, climate, and interactions with humans and

‘Turrent Year (20147

calculations that much more difficult. Given these
complexities, the results presented here should be
considered initial approximations to better understand
the environmental and economic value associated with
trees and their placement.

$0.09 Benefits of trees do not account for the costs
associated with trees’ long-term care and maintenance.

If this tree is cared for and grows, it will provide
$44 worth of annual benefit in 20 years. See
($1.81) 'Future Year (2034)' tab at left for details.

Breakdown of tree benefits

Click on one of the tabs above for maore detail

infrastructure are highly variable and make precise S

Norway maple
Acer platanoides

Users are also provided a tool for the assistance in tree selection with i-Tree Species. By means

of user defined tree functions based on a 0-10 ranking scale and geographic area by city and

state, the tool compares user’s inputs to approximately 1,600 tree species.
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Appendix J

Lower Duwamish Air and Water Quality Improvement Grants
/ King County Wastewater Treatment Division

WATERSHED

2014 GRANT APPLICATION

Please submit grant applications electronically by June 2, 2014, at 5:00 pm to
karen.bergeron@kingcounty.gov. Please put in the subject field “Green Grants”.
Proposals submitted by email must by less than 10MB (megabytes).

Note: Shaded fields will expand as you type

Applicant: Sustainable Seattle

Project title: Depave the Duwamish

Contact: Hannah Kett Phone: 206-622-3522 | Fax:

E-mail: hannahk@sustainableseattle.org Web Site: www.sustainableseattle.org

Address: 1501 E. Madison St, Suite 400

City: Seattle | State: WA | Zip: 98103

Body of water or watershed of project: Duwamish Rlver

Community where project is located: Georgetown and South Park

Street location or address of project:

Alternate contact: Cari Simson Phone: 206-234-5102 E-mail:
cari@urbansystemsdesign.com

Brief Project Statement (3 short sentences max.) Depave the Duwamish aims to support King County’s GSI goals
and build a healthy and vibrant Duwamish Valley by transforming impervious surfaces on private property into public
benefit green spaces. The project will increase the communities’ awareness of the impact of impervious surfaces and
enable them to identify priority sites for potential depaving. A successful project will empower residents and catalyze 3
concrete projects with private land owners in separated stormwater systems in the Georgetown and South Park
neighborhoods.

Request: $ 22,875 Date of request: 6/2/2014

Be sure to include and checkmark the following prior to sending your application:

XI The project narrative (see below; 3 pages maximum)
XI A cover letter signed by a person allowed to approve a legal agreement with King County
XI Map indicating project location and showing street names

OPTIONAL: A fact sheet or brochure on your organization describing its history and accomplishments, etc.
Which one of the following grant funds are you applying for?

Pleases note that each one will have different requirements regarding project location, type of project, project
activities, spending and match.

There is a maximum grant award of $50,000 per applicant.
Which of the following describes your organization?

[] scHooL

] TRIBE

] LOCAL GOVERNMENT

X PRIVATE NON-PROFIT ORGANIZATION OR ASSOCIATION

(] INDIVIDUAL (Duwamish Water Quality Improvement grants only)

[] BUSINESS IN DUWAMISH AREA (Duwamish Water Quality Improvement grants only)




mailto:karen.bergeron@kingcounty.gov

mailto:
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PROJECT NARRATIVE

Instructions: Please answer the following questions in the boxes below. The boxes will expand as you type. This
section is limited to no more than 3 pages.

PROJECT BACKGROUND

Briefly explain the history of the problem you are addressing in this project. How has the problem been addressed
to date and by whom?

The Duwamish Valley is home to an EPA Superfunded Site where the clean-up plan
involves residential, industrial, and muncipal stakeholders. Through efforts of the Duwamish
River Clean-up Coalition (DRCC), the EPA-led plan includes the voice of the community. King
County Wastewater and Seattle Public Utilities are also implementing major capital projects to
reduce the overflows of combined stormwater and sewage into the Duwamish River, through the
use of gray (treatment and additional pipes) and green infrastructure (trees, rain gardens or
permeable pavement).

However, even with this effort underway, this community will remain one of low-tree
canopy, high impermeability, and a lack of buffers between residential and industrial uses.

These gaps have a significant impact on the overall health of the community as identified in the
Cumulative Health Impact study published by DRCC. Specifically, lack of tree canopy can have
an adverse effect on air quality and cause asthma, specfically in vulnerable populations like
children and elderly. Excessive paved areas also cause “heat islands” where temperatures rise
over areas with pavement or other hard surfaces. Duwamish Valley residents have higher rates
of disease such as lung cancer, more acute asthma attacks, and shorter life expectancies than
elsewhere in the county. In addition, the communities in Duwamish Valley, specifically
Georgetwon, South Park, and adjoining neighborhoods will see the effects of climate change
sooner than the rest of Seattle, including higher tides, increased runoff, and impacts on utility
infrastructure. A coordinated effort of reducing impervious surfaces and widespread tree
plantings enables private property owners to reduce polluted runoff and improve air quality.
Community leaders have prioritized improved air quality in the setting of their goals for the
spending the Duwamish Opportunity Fund, which will be managed by the Department of
Neighborhoods.

Sustainable Seattle, in partnership with Urban Systems Designs and multiple community-
based groups, proposes to develop a Depave plan in the Duwamish Valley, to identify excessive
impervious surfaces through data and map analysys and following-up through ‘ground truthing’
with students and other volunteers. The aim is to engage private property owners to strategically
reduce these surfaces and replace them with native trees and shrubs creating small green spaces
that provide long-term benefits for the public. The design solutions could take the form of green
infrastrucutre systems like Splash Boxx, Filterra tree pits, native trees and plants, picnic tables,
benches, public art and more.

Through a grassroots engagement of residents and local property owners, we will activate
neighborhood-scale change that will support climate change resiliency. Residential engagement
is already underway in South Park with over 20 homes installing RainWise rain gardens,
positively impacting water quality and building initial community vibrancy. Now, there is an
opportunity to use momentum to push the more industrial areas to turn pavement into a green
space for public benefit. A central focus of this project will be building a collaboration between
the industrial sector, residents, and additional stakeholder to build a common vision for reducing
impervious surfaces and increasing green spaces.
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This Depave effort will build on the successful model built in Portland and piloted in

Highland Park, a project funded by King County Green Grants. With support from King County,
the project partners will engage the public around the purpose and potential for Depave as well
as set priorities for initial Depave projects. Construction funds will be sought from alternative
grants and matched by engaged businesses.

RATED QUESTIONS

1. Project objectives and description of activities and project outputs (50 points; 41
points minimum required)

Describe the project objectives:

Increase awareness with residents and workers about climate change, “heat island effect,” polluted
runoff and air quality issues in the Duwamish Valley residential-industrial areas, and the cost-effective impact
of asphalt removal and tree planting on improving overall environmental health, and how a proactive project gets
immediate results.

Identify and reduce the amount of impervious surfaces on private properties in separated stormwater
drainage areas in Georgetown, South Park, and other Industrial areas surrounding the Duwamish River;
currently the Duwamish Valley is estimated to be at least 85% paved or other impervious surfaces, based on
preliminary map analysis.

The following objectives will be incorporated into Phase 2 with additional funding:

Replace impervious surfaces with tree canopy, native plants, and “people habitat” on private properties;
currently the Duwamish industrial area, including South Park and Georgetown has approximately 13% tree
canopy — well below the 30% target for Seattle.

Charismatically document the story to expand the number of industrial sites engaging in the Depave Process

Describe the activities that will carry out your objectives and their tangible outputs (e.g., plantings, culvert removal,
water reuse demonstration, publications, learning activities).

Research and collate existing maps, neighborhood plans developed by Georgetown and South Park community
groups, and active projects from Georgetown, South Park, and connected industrial areas to provide a base
picture of need in the neighborhood.

Collaborate with the University of Washington GIS team to create maps that build on existing resources —
including King County’s detailed analysis - to identify private parcels in the Duwamish Valley where a reduction
of asphalt would have multiple benefits

Cross-reference this data with EPA and Department of Ecology Toxic Site Inventory lists to identify parcels that
would not be safe to disturb

Combine maps with on-the-ground knowledge built in the first task to identify priority sites for Depave and green
transformation. Ground -truthing will be carried out to assess the accuracy of GIS data analysis.

Form collaborative working group comprised of Sustainable Seattle, Stewardship Partners, Urban Systems
Design, and key neighborhood stakeholders; hone existing marketing materials based on previous Depave
success stories in Portland, OR; Tacoma, WA; and Highland Park (Seattle), WA,

Utilize this material and list of priority sites to engage with neighborhood and business organizations, including
the Manufacturing Industrial Council, South Park Neighborhood Association, Georgetown Community Council,
Duwamish River Cleanup Coalition, and more; identify additional people to join working group, including industry
leaders like McKinstry, CleanScapes, and Georgetown Brewing Company, and the Boeing Company, as well as
the Port of Seattle and City of Tukwila.

The following activities will be incorporated into Phase 2 with additional funding:

Compile photographs of properties during rain events; collect other data like temperature, runoff flows, or other
measurable qualities of the existing asphalt;

Conduct outreach to identified property owners; identify at least one and up to four property owners who are
willing to participate; work with selected property owners to identify and coordinate funding as well as organize a
team who will lead construction and planting on site(s); in partnership with the private property owners.
Facilitate the digital storytelling process working with students, afterschool youth programs or other entity to
share the Depave process.

Describe how you will measure the success of your project.
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e  We will track the effectiveness of the marketing material through measuring interest in workshops, inquiries, and
distribution of material.

e We will qualitatively track the success of the collaboration built through this project, providing reports of the
collaborative results achieved through meetings, development of GIS based maps and more.

e We will also quantify success by the number of businesses participating, the number of volunteers, and the
number of partners in our collaborative working group.

The following successes will be measured in Phase 2 of this project:

e We will also be able to quantify success by calculating air and water quality, air temperature adjacent to
buildings, CO2 reductions and other measurable climate change metrics.

e We will also be able to quantify success by calculating air and water quality, air temperature adjacent to
buildings, CO2 reductions and other measurable climate change metrics.

e We will also capture the visual changes of the neighborhood through video and photography. This, combined
with the interviews, will help illustrate the success of the project to the broader public.

e  We will be able to quantify success by the number of depave projects that enter the pipeline for implementation.

2. Community support (20 points; 17 points minimum required)

How does your project include community participation and build support for salmon habitat or water quality
protection and restoration? What will the community learn from or about this project and through what means?
(e.g., press releases, posters, project signage, presentations). Please describe any project partners and what
they are bringing to this project (0-20 points).

At its core, this project is seeking to address community concerns and interests. In the first objective, the team will be
focused on engaging the community in the purpose of the project — educating through broad written communications
as well as one-on-one engagement to educate people about the impacts of climate change and heat islands and how
“Depave”-ing can reduce this impact. A portion of this education will be done through dedicated canvassing. We will
partner with groups like Georgetown Community Council, ECOSS, South Park Neighborhood Association, and DRCC
to ensure a broad range of constituents are accessing the education and able to participate in the development of a
Depave vision.

These organizations, along with the process of working through neighborhood plans, will ensure the community

learns about water protection through a hands-on project. Long-term learning will be conveyed through the digital

storytelling as well as through project participants — including the high school students and elementary students — that

can be the spokespeople for the project in the community. In addition to the groups listed above, we will be

partnering with:

- Veterans Conservation Corps to provide construction support

- EarthCorps to support the ground-truthing and GIS efforts

- Stewardship Partners to incorporate the project into the regional Depave efforts

- Urban Systems Design and Cari Simson to provide overall project management, incorporating it into existing and
potential projects in the neighborhood.

- Sustainable Seattle to provide on-the-ground project management, outreach implementation, and grant
administration

- Green Infrastructure Partnership is a strong resource for this project, providing an opportunity to share and learn
best practices and leverage efforts by connecting with other ongoing projects.

Please describe any matching funds. Matching funds are not required; however, applications will receive
additional points for providing a sponsor match (up to five bonus points).

This project will work in coordination with other on-going efforts, including the RainWise outreach. The project
partners will be seeking additional funds from: King Conservation District, Department of Neighborhood, and others to
fund the construction of the Depave projects to address the priorities and vision identified in this project. In-kind
support will be provided through the Department of Geography at the University of Washington. Sustainable Seattle
is requesting a team of 2 to 3 students to develop initial impervious surfaces and target areas for the Duwamish
Valley.

3. Certainty of Success (30 points; 25 point minimum)
Why is your project important to do now? Please describe how you are capable of implementing the project.

Climate change is already happening and proactive neighborhood planning is needed for
Seattle’s low-income residential-industrial shoreline neighborhoods. We have a once-in-a-
lifetime opportunity to develop a bigger vision focused on urban resilience while the efforts to
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remediate the Duwamish River Superfund site continue, to recover salmon habitat, and improve
community health. This project is part of a much larger need for a visionary, overarching
planning and synthesis process to develop a resilient strategy for the Duwamish Valley,
including Region 10 EPA, Department of Ecology, NOAA, WRIA-9, Emergency Management,
and more.

Sustainable Seattle and Urban Systems Design have been working in South and West Seattle to
build support for Green Infrastructure. Most recent projects include voluntary roadside rain
garden projects in South Park implemented by Cari Simson’s team and a Depave project at
Highland Park Improvement Club resulting in a permeable pavement courtyard and multiple rain
gardens. Both of these projects were the result of close collaboration with a diverse group of
residents, non-profits, municipalities, and community-based groups. The design, education and
research-based team proposing this effort brings an unmatched perspective for the process to
engage and involve people where they live, work and play. Their collaborative work has
developed ground-breaking and award-winning projects across the Duwamish valley that
connect equity, urban design, health, public art, green infrastructure, and climate resilience
through multi-stakeholder teams.

These successes, as well as the groundswell of efforts around green infrastructure emerging from
the Green Infrastructure Partnership, provide a strong foundation for the implementation of this
project. In addition, these projects will work in coordination with targeted efforts to build
climate resiliency and tree planting leadership in these neighborhoods.





BUDGET TABLE

BUDGET ITEM GRANT CASH IN-KIND SOURCE OF MATCH STATUS OF
REQUEST | MATCH MATCH CASH MATCH

Salaries & benefits | 7375 5000 Cash - King Conservation [|Received

Hannah Kett, 4875 District XIPending

Michelle Ruiz

(communications),

2500

Freelance workers 11000 5000 Cash — King Conservation [IReceived

and consultants District XIPending

Cari Simson, 6000

Amir Sheikh 500

Aaron Clark,

Stewardship

Partners, 1000

Eric Rosewell,

Depave, 1000

Canvassing, 2,500

Sub 18375 10,000

Project supplies, 1000 20,250 5000 KCD [JReceived

materials and Minimum Expected Match XPending

equipment from Business Participants

Commercial 500 12,250 5000 KCD [JReceived

services (e.g., Minimum Expected Match XPending

printing, backhoe) from Business Participants

Transportation [JReceived
[JPending

Office expenses 3000 7500 KCD [JReceived

(broken down unless [JPending

requesting a blanket

overhead rate)

15% of total cost

Real estate-related [IReceived

costs [IPending

Other costs [JReceived
[JPending

Sub 4500 40,000 10,000
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RECOMMENDED COURSE OF ACTION

In order to move towards the goal of equitable park access in King County it is the
recommendation of this capstone project that the King County Department of Natural
Resources and Parks employ the methodology outlined in this paper for analyzing equitable
park access as well as any future analysis of park amenities. This would be accomplished
through the use of an access score and incorporating the existing ESJ scoring currently used. It
is also advised that economic factors be considered in either access scores or demand for parks,
but not both. Lastly, given the results of this analysis, it would be beneficial to generate a parks
site selection using the layers of this study. The goal of a parks site selection would be to
address the inequity of park access in the southwestern part of the County in the areas around
Burien, SeaTac and Tukwila and work towards incorporating this park need in King County’s
Capital Facilities Plan.





Introduction

The purpose of this capstone project is to analyze the distributional equity change dynamics of
parks in King County, Washington in 2000 and 2010. Emphasis is given to establish a
methodology using GIS technology that examines park access for people of color, low-income
and limited English proficiency by census block group. While this methodology may be utilized
to study equity issues for other park amenities, for the purpose of this paper, only park access
for the demographic of interest is being examined. The park access and equity maps and
graphs in this report illustrate how the Department of Natural Resources and Parks (DNRP) in
King County is meeting their goal in providing access for all people to parks and natural
resources. In addition this project takes into consideration the dynamics of car ownership in
relation to equitable access to parks and provides an implementation plan to the DNRP for
consideration in order to help inform high value regional investments in equitable park
resources.

Background

In 2008 King County launched its Equity and Social Justice initiative to address equity issues
throughout King County. In 2010 the King County Council established Ordinance 16948 which
reinforced the “Fair and Just” principle of the King County Strategic Plan. The “Fair and Just”
principle states that the County serves all residents “by promoting fairness and opportunity and
eliminating inequities” (King County 2014). This principle is important to King County as it is the
foundation that shapes how the County achieves equitable opportunities for all people and
communities (King County 2014).

In addition to its Equity and Social Justice initiative King County joined the Sustainability Tools
for Assessing & Rating Communities (STAR) network as a pilot community in November 2012.
The STAR Community Rating System’s intent is to recognize sustainable communities and set
targets for moving forward and measuring progress throughout. The goal of the rating system
is to encourage sustainable community conditions and acts as a framework for local
sustainability (STAR Communities 2014). The County is considered a Reporting Community as it
continues to work towards certification.

Ordinance 16948 or the Equity and Social Justice (ESJ) ordinance “establishes definitions and
indentifies the specific approaches necessary to implement and achieve the “fair and just”
principle that is embedded as a core element of the goals, objectives and strategies” of the King
County Strategic Plan (King County 2012). The Strategic Plan was adopted by the King County
Council on July 26, 2010 and was created over the course of 18 months after being developed
through collaboration with citizens and elected officials. The goals of the plan are; justice and
safety, health and human potential, economic growth and built environment, environmental
sustainability (King County 2014).





The following Figure 1 illustrates how inequities found in King County are linked to underlying
conditions or determinants of equity which are located in the middle of the “Stream”. To the
left side of the stream are systems that produce an inequitable distribution of the determinants
of equity among communities while to the right are areas in which government have typically
focused on at the individual level. Park access contributes to physical activity, a healthier
environment and arguably a safe neighborhood all of which are social, economic and physical
conditions that allow people to reach their full potential (King County 2014.)

The “Stream”

Societal Level Community Individual &
& Policy Level Family Level

Housing
Safe

Healthcare

Healthy Access to

nvironment Transportation

Political structures & Social, economic, & Services for
institutional practices physical conditions that individuals and
that assure fairness & allow people to reach families to treat

opportunity for all their full potential

Figure 1: The Stream

problems

The passage of Ordinance 16948 made it possible to include all agencies and branches of the
County government and require them to report annually on ESJ measures to King County
elected officials, employees and the public (King County 2014). The fourteen ESJ measures are:

1. Community economic development 8.

2. Community and public safety 9.

3. Law and justice system 10.
4. Early childhood development 11.
5. Education 12.
6. Equity in county practices 13.
7. Food systems 14.

Health and human services

Healthy built and natural environments
Housing

Job training and jobs
Neighborhoods/social networks

Parks and natural resources
Transportation

DNRP is an active participant in the implementation of this initiative and reviews their programs
and services for distributional equity (King County KingStat 2014). DNRP is also committed to
continuous improvement to institutionalize equity in all of its services. Regarding parks and





equity, DNRP “facilitates discussions with the division and employees and the role they can play
in consideration of ESJ principles in decision-making” ("Equity and Social Justice 2011 Work Plan for
DNRP”).

Recently, “DNRP completed an equity assessment for its major lines of business utilizing GIS to
map how selected services and facilities relate to basic demographic conditions. The intent of
the comparison is to help identify and address the relative fairness in distribution of benefits
and burdens across their service areas, with the goal of reducing racial or income-based
inequity associated with facilities and programs” (King County 2014). This capstone project’s
intent is to expand on DNRP’s assessment of equitable park access by developing upon the
methodology and addressing car ownership. Also, by comparing 2000 and 2010 demographics
and park data, an additional objective is to determine if or how demographics and access to
parks in King County has changed during that time period.

King County offers 26,000 acres worth of recreational experiences and is responsible for 200
parks which include ball fields, playgrounds and pools, forests, meadows and other Northwest
ecosystems (King County 2014). DNRP’s mission includes environmental stewardship to
maintain sustainable and livable communities. In addition, the DNRP strengthens communities
by providing regional parks (King County 2014). Of the 14 ESJ measures, this project aims to
gauge how DNRP is meeting Determinant 13- Parks and Natural Resources. This is done by
comparing park access for people of color, low-income and limited English proficiency in 2000
and 2010 and assessing whether there has been progress in equitable access or not.

The importance of parks has long been understood as a contributor to the physical and
aesthetic quality of neighborhoods. In addition, park access has also been linked to overall
community health and obesity rates. According to Zhang et al., “having good access to green
space, especially parks, in urban areas, is associated with increased physical activity” (Zhang et
al., 2011). The spatial configuration of parks, the number of parks and their spatial distribution
across neighborhood areas/local regions represent the basic park access potential for local
residential populations. “Thus, it is not surprising that the spatial accessibility of neighborhood
parks, mainly based on park proximity and location and size, is commonly used to evaluate the
contribution of parks to physical activity” (Zhang et al,. 2011). Given the importance of parks to
our physical and emotional health, equitable access should be a principal focus for DNRP when
evaluating needs and putting aside future resources for the residents of King County.

As well as contributing to an increase in physical activity opportunities, parks also contribute to
people’s overall level of happiness. The social-ecological systems table (Figure 3) outlines the
social, biophysical and economic aspects at the various scales: United States, Washington State,
King County (focal scale), communities and neighborhoods.

From the top scales, the United States and Washington State, the demographic can be
significantly impacted by decision-making at the Federal and State level and whether or not
programs and policies will be supported. For example, how taxes will be used to support low-





income housing, education, English as a second language programs or public parks. The effects
from these decisions may lead to a shift or trend in demographics.

At the focal scale, King County, and the lower scales, communities and neighborhoods,
equitable park access is desired by King County decision-makers and equity measures are being
incorporated into their planning to make that possible. Parks and open spaces, if sufficiently
and properly distributed, provide pollution abatement, cooling, and stormwater runoff control.
They also have the potential to increase property values both in residential and commercial
properties. Overall, access to parks at these levels, contribute to people’s happiness and health.
Figure 2 (below) illustrates parkland and population increases throughout King County from
2000 to 2010. However, the question this project addresses is whether or not those increases
were equitable.

All Parkland in King County in 2000 and 2010

Area of Parkland in Population Of King
King County by Year County by Year
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From 2000 to 2010, King County saw an increase in parks and
other designated open space from 207,097 acres to 245,901
acres, an increase of 19%. During the same interval the
population rose 11%, from 1,737,034 to 1,931,249 people.
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maintained by the state, individual cities, park districts, King
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Figure 2: Park and Population Changes from 2000 to 2010

According to Chris Walker in The Urban Institute’s “Public Value of Urban Parks”, the traditional
value of parks is for their aesthetic and recreational merits, however, the value of parks is now
understood to be broader. Policymakers and the public are beginning to think of parks in terms





of “youth development, public health, and community building” (Walker, 2004). Walker goes on

to explain about the “new view” of urban parks and their contributions which include the
following:

e “helping youth choose rewarding paths to adulthood by providing programs and
opportunities to build physical, intellectual, emotional, and social strength;

e helping new entrants to the workforce find productive jobs by offering decent, entry-
level employment opportunities in the community;

e helping community residents improve their health by providing a place to enjoy fresh
air and exercise; and

e helping citizens join together to make their communities better, by encouraging them
to participate in park planning and management” (Walker, 2004).

This is not an all-inclusive list of the contributions parks can make to a community, but
recognizes that parks are important to achieving greater urban policy objectives which aid in
strengthening the communities where the parks are located. This “new view” is important as
it addresses amenities that everyone should have equitable access to (Walker, 2004).
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Figure 3: Social-Ecological Systems Table

Car ownership plays an integral part in this system and will be discussed more in relation to the
thresholds matrix in Figure 3. At the county and community level parks are only accessible
largely to people who own vehicles and vehicles are highly correlated to income. At the
neighborhood level the economic health of the neighborhood correlates with car ownership.
However at this level, which is often urban, there is a higher density of the focus demographic
(low income, limited English proficiency and people of color) who often do not own vehicles





and thus have limited access to parks. Therefore it is important for King County to invest in
access to neighborhood or small urban parks intended for this underserved population.

Even when one does not reside near a park or necessarily use a park, Walker notes one study
that shows they are still valued as, “three-quarters of the respondents who said that they did
not themselves use parks nonetheless reported receiving benefits from them, with many of
those benefits tied to opportunities for children” (Walker, 2004).

“Creating equitable access to parks and nature is also essential for effective regional growth
planning and for fostering a commitment to stewardship of the region’s natural resources”
(Coalition for a Livable Future n.d.). A park’s proximity is essential to equitable access.
Proximity is key to regular park usage and for a community to receive direct benefits. For the
purpose of this analysis, a thresholds matrix (Figure 4) was developed to visualize the
thresholds in our social-ecological system. The controlling variable of this system was
determined to be access to parks. From researching equitable access to parks, proximity was
found to be a significant controlling variable that determines the thresholds existing in the
social, economic and biophysical aspects. Elements that contribute to equitable access to parks
are distance to parks and car ownership.

Appropriate equitable access was determined to be parks within a certain size and distance
from our three scales of interest: King County, community and neighborhoods. According to
the ESJ ordinance, parks should be present and accessible to all populations within the County.
For the purpose of this analysis it has been determined that parks should be of a 200 acre size
and within a 30 minute drive at the county scale. At the community scale, access to parks
should be within a 2 mile drive from a 25 acre park. Lastly access to parks at the neighborhood
scale means the ability to walk % mile to a small park or % a mile to a 15 acre park. Connecting
to the social aspect as a loss or gain in the communities and neighborhoods scales is significant
as greater access to parks increases overall happiness and quality of life.
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Problem Statement
Based on the ESJ ordinance, DNRP is tasked with providing and measuring equitable services
and access for all people and communities throughout King County. DNRP would like to
improve their methodology to assess equitable park access and include car ownership in the
analysis. DNRP would also like to expand upon their current measures to evaluate equity for
various other services and facilities using existing GIS data.

Project Goals
The first goal of this project is to collect appropriate data for our analysis in a geodatabase and
design a methodology to measure park access in comparison to our demographic of study in
both 2000 and 2010. The methodology should incorporate a distance threshold in relation to
park access, as well as car ownership and is justifiable in how it represents equity.

A second goal will be to provide static maps illustrating park access in comparison to
underserved populations in King County. Underserved populations for the purpose of this
study are people of color, low-income and limited English proficiency. This will be a comparison
of park and census data in 2000 and 2010 to determine if there has been improvement or if
more work on providing equitable park access should be done. In addition, two web maps will
be combined in ArcGIS Online to create a story map illustrating different range service areas
from parks in King County based on 2000 and 2010 parks data (Figure 5).

tap that shows different range service areas from parks in King County based on 2000 parks data
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Figure 5: Story Map
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Lastly, a goal of this project will be to offer an implementation plan. This plan will outline which
areas in unincorporated King County, given their demographic of interest, are currently
underserved in access to parks and if there are any trends from 2000 to 2010. Furthermore,
existing King County GIS data will be surveyed and appropriate data will be suggested for
further study on equitable access given the methodology developed for this project.

Objectives
In order to achieve the first project goal, the primary focus was to establish a geodatabase and
develop a robust methodology once the social-ecological system was outlined and the
thresholds were determined. Regarding appropriate thresholds, it was decided that general
guidelines were appropriate given the varying scales of the analysis (county, community, and
neighborhood) and were based on recommended guidelines by the National Recreation and
Parks Association (NRPA).

Having done extensive research on equitable park access, social and health benefits to society
relating to park access, as well as available spatial data availability, our third goal will be
achieved through an implementation plan and course of action which will be recommended to
the project sponsor.

Scope

The scope of this project originally included an analysis of our demographic and access to park
amenities such as indoor park facilities and also athletic fields. However, midway through the
project it was determined that developing a strong methodology and focusing on equitable
access to parks would be the best use of time. Defining equitable access in terms of proximity
and size of park was challenging. After significant research it was decided that the National
Recreation and Parks Association (NRPA) standards for park acreage was the best guideline. It
should be noted that this document titled the “Yellow Book” was last revised in 1983 and many
cities and communities choose a different methodology for their standards such as a
“percentage of land area in a proposed subdivision to be dedicated for parks and/or open space”
(MRSC 1994). It should be noted that this project’s analysis is at the County level and the
guidelines will be applied at the County scale. Lastly, this project takes into account that access
means something different for those who own a vehicle and those who do not which is a
significant factor in equitable access.

Data and Data Limitations

Data requirements included King County census data on the demographic of interest- people of
color, low-income and limited English proficiency, car ownership, and park data all at the
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census block level both in the year 2000 and 2010. Software utilized was ArcMap 10.2 to
complete the spatial analysis. One primary limitation regarding data was a lack of 2010 census
data for car ownership in order to perform a comparison from 2000 to 2010 and implement car
ownership for equitable access to parks, however, a way to incorporate car ownership into this
analysis is offered should that data become available in the future.

Out of Scope

For the purposes of this project several items were deemed to be out of scope. First, it was
decided that specific amenities to a park that different demographics may demand such as
whether or not picnic shelters or certain field types exist would not be considered. Second,
this project did not encompass an analysis on any park siting recommendations.

Deliverables

Deliverables to Project Sponsor include the following items:

= ESRI Map Package and editable map layout
= Geodatabase

= Social and ecological map

= Social and ecological systems table

= Social and ecological thresholds matrix

= Business case for future implementation

Various methods of analysis regarding equitable park access were researched, but not pursued
for several reasons. Including the current methodology used by DNRP which does not take into
account population density, the following studies and methods were explored:

The Delaware Department of Natural Resources and Environmental Control, Division of Parks
and Recreation (DPR) analyzed communities served by parks to determine future recreational
facilities needs throughout the state in 2013. The method employed by DPR was to create
travel buffers to measure population served by parks through walking, transit or driving and
calculate travel sheds, but did not encompass census demographic data other than population
by census tracts (McGlone 2013). For our purposes this methodology was not sufficient as our
project was not incorporating access to parks via transit.

Another method of analysis employed by the Puget Sound Regional Council (PSRC) was for their
opportunity mapping wherein they used distance to nearest park for each census tract as one
component of their Environmental Opportunity score (Puget Sound Regional Council 2014).
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However, this analysis was applied solely to urban areas. One would expect the distances to
parks to be greater in less urbanized areas, without reflecting less “opportunity” as it is
traditionally understood. Additionally, this analysis does not take into account how much park
space is available. For example, a very small park such as a single basketball court which is
close to a high density urban area would provide a high opportunity score while not providing
actual opportunity to serve many people.

Lastly, methodology employed by Ming Wen et al. in a study of spatial disparities in the
distribution of parks and green space for black, Hispanic and low-income residents across the
entire United States (excluding Hawaii and Alaska) was considered. The study employed
several access measures to determine spatial access to parks measured by population-weighted
distance to the seven closest parks and then performing a linear mixed regression model to
examine associations (Ming Wen 2012).

Design and methods

Scale

The scale of this analysis presents unique challenges. Any methodology used to measure park
access on the scale of King County needs to take into account everything from a playground on
the corner of the block at the finest scale to large designated wilderness areas at the coarsest
scale. Each of the types, or scales, of access represents a different kind of opportunity. A
person who owns a car and lives within walking distance to a small park, within a longer walk to
a neighborhood park, and within a short drive to a community and regional parks has more
opportunity than someone who doesn’t own a car and doesn’t live within walking distance to
any parks. Thus, any analysis of equitable access has to take into account more than simply the
distance to the nearest park because that same distance could mean access to one person and
no access for another.

With the goal of the analysis being to capture the finest scale access of nearby parks, the
analysis needs to be done at the finest scale possible in order to properly represent those
places that do not have as many types of access as others. However, in also capturing equitable
access, and not just equal access, the socio-economic status of those with and without access
should be considered. Therefore, the finest scale that the analysis can be performed at is the
census block group level. Census block groups have aggregated income and ethnicity data that
will make the analysis more robust.
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Opportunity Stacking

The first step in creating the park access score was to create a network dataset. A network
dataset is a necessary component of a service area analysis. A car transportation network
shape file was downloaded from the King County GIS Data Portal and converted to a network
dataset using ArcMap’s New Network Dataset wizard.

Once the network dataset was created, the next step was to create the service areas for each
type of access. Service areas were created using the Network Analyst extension in ArcMap and
are specifically designed to assess accessibility. Service areas were created for each of the four
levels of park opportunity recommended by the National Recreation and Parks Association seen
in Table 1, with each lower level of opportunity being inclusive of the park sizes at the higher
levels (NRPA 2014). That is, the first level of access, being able to walk a quarter-mile to a park
is not limited only to mini-parks, but is applicable to a park of any size. The second level of
access, being able to a walk a half-mile to a park of at least 15 acres in size, applies to parks of
any size, as long as they are greater than 15 acres. In this way, if a person can walk a quarter-
mile to a single park that is at least 15 acres they will be considered to have both the lowest
two forms of access. This is in comparison to a person who lives more than a quarter-mile but
less than a half-mile from the same park. This other person has access to the park, but must
walk approximately twice as far. This logic captures the difference between someone looking
for a destination for short walk, perhaps while pushing a stroller and someone looking for
specific amenities, such as a ball field, which are only available at parks larger than mini-parks.
See Figure 6 and Figure 7 for the service areas created for walking distances. The driving
distance service areas are not shown.

Table 1: NRPA recommendations for park quantity and accessibility

Park Type Acres/1000 Minimum Size Service Area Radius
Population

Mini-Park 0.25-0.50 1 acre or less .25 mile/5 minute walk

Neighborhood Park 1.0-2.0 15 acres .5 mile/12 minute walk

Community Park 5.0-8.0 25 acres 1-2 miles/5 minute drive

Regional Park Variable 200 acres 30 miles/1 hour drive

After computing all four different types of service areas a spatial join was used to sum the four
different types of park access for each census block group. A census block group is considered
to have access if the block group’s centroid is within the service area. This makes the analysis
more accurate for smaller, more regular block groups and less accurate for larger or irregularly
shaped block groups. For example, a block group could be shaped such that the centroid does
not fall within the block group itself. For these areas this type of analysis will not accurately
represent the block group’s access. Additionally, there is the potential for some block group’s
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access to be overestimated if the service area overlaps nothing but the centroid and to be
underestimated if the service area overlaps most of the block group, but does not contain the
centroid itself. For an example of the latter, consider the block group adjacent to the
northeastern border of King County. This block group contains large tracts of protected federal
land (with hiking trails and other recreation options). However, the service area does not
contain the centroid of the block group, and therefore the block group is considered to have
low access.

This methodology can be visualized as stacking up these four different kinds of park access
opportunity on each census block group. An area with more park access opportunities is
represented by overlapping (stacked) service areas. This represents the difference between
having many different kinds of park access, and a simple binary “park/no park” type of access
which is often the result of a simple buffer analysis or one that uses distance to nearest park.
By representing the different types of access, one can begin to see true differences in park
access equity.
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The resulting score for each census block, deemed a Park Access Score, has a theoretical range
of zero to four. In the case of King County, all areas of the county are within a 30-mile service
area of a park with an area of at least 200 acres. Thus, the actual Park Access Score range is
one to four, where a score of one represents a census block group that is not within a quarter-
mile of any park, is not within a half-mile of a park of at least 15 acres in size and is not within 2
miles of a park of at least 25 acres in size. The Park Access Scores for 2000 and 2010 are shown
in Figure 8 and Figure 9.

2000 Park Access Score by Census Block Group for King County, Washington
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Figure 8: Census block group Park Access Scores for 2000

Once the Park Access Scores were calculated for each census block group they were combined
with demographic data obtained from King County Department of Natural Resources and Parks.
Previous equity and social justice analyses done by the Department have used a consolidated
demographic score called an Equity and Social Justice Score, or ESJ Score). The Equity and
Social Justice Score combines equal weights of income, people of color, and English proficiency.
A higher score indicates that a census tract has more people of color, is lower income, and
lower English proficiency whereas a low score indicates fewer people of color, higher income,
and higher English proficiency. More details about how this score is calculated can be found in
Appendix A.
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2010 Park Access Score by Census Block Group for King County, Washington
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Figure 9: Census block group Park Access Scores for 2010

Results

DNRP is tasked, by the Equity and Social Justice Ordinance, to improve levels of equity and
social justice in the siting and delivery of parks and related services. In order to determine the
improvement in park access equity, Park Access Score data and ESJ Score data were tabulated
and displayed to show trends in park access.

Year-to-year

In Figure 10 the total population of each census block group Park Access Score is displayed. The
number of people with low access to parks (Park Access Score of one or two) decreased from
2000 to 2010 while the number of people with high access (Park Access Score of three or four)
increased. The mean Park Access Score for all census block groups went from 2.57 in 2000 to
2.96 in 2010.
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Population by Park Access Score and Year
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Figure 10: Population by Park Access Score and year

Park Access Distribution by ESJ Score in 2000

In 11 the population in 2000 is summed for each census block group and each discrete
Park Access Score then displayed by ESJ Score bin. The ESJ Scores were split into quartiles,
which was functionally the same as natural breaks using four classes instead of five. The linear
distribution and discrete steps of the ESJ Score data made quartiles a better fit than natural
breaks with five classes, as the variance in class size is lower using quartiles. The existing work
by King County using ESJ Scores classified them into five classes using natural breaks, which is
usually preferred because it produces a median class whose members are near the median,
with the other four classes being either above or below the median. By sacrificing the median
class and going to four classes the numbers assigned to each class are more similar, justifying
the use of quartiles.

Of those with the lowest Park Access Score, the dominant ESJ Score is also low, indicating that
this group is comprised mostly of high income, high English proficiency, and a lower percentage
of people of color. The Park Access Score with the largest corresponding population is two.
Within this population there is no discernible trend of corresponding ESJ Score. The highest
two Park Access Scores have roughly equal populations, again with no discernable demographic
trend. That is, while Park Access Scores are not evenly distributed among the population of
King County, the uneven distribution is not at the expense of those with high ESJ scores.
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2000 Population by ESJ Score and 2000 Park Access Score
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Figure 11: Population in 2000 by ESJ Score and Park Access Score

Park Access Distribution by ESJ Score in 2010

In Error! Reference source not found.12 the population in 2010 is summed for each census
block group and each discrete Park Access Score then displayed by ESJ Score bin. The same ESJ
Score quartiles are used as in the previous figure as this classification produces classes with a
low variance in members. The lowest Park Access Score population shows the same trend as in
2000 but is much less pronounced. Park Access Scores of two, three, and four, however, show
marked difference from 2000. Whereas in 2000, the population with Park Access score of two
was much greater than any other score, 2010 has scores of two, three, and four with roughly
equal populations. There are discernible demographic trends, however, within the two highest
categories of park access. Among the population that has the highest Park Access Score, four,
there are much more people with a low ESJ score than a high ESJ Score. This indicates that the
people with the best park access tend to be predominantly white, high income, and English
proficient. As stated earlier in this section, the mean Park Access Score for all census block
groups in 2010 is 2.96. This indicates that people with a Park Access Score of three are above
the mean, but barely. Of these people, most of them have a high ESJ Score, with the number of
people dropping off as the ESJ Score decreases.
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2010 Population by ESJ Score and 2010 Park Access
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Figure 12: Population in 2010 by ESJ Score and Park Access Score

Disentangling Demographic Changes from Increase in Park Service

The previous results show the combined effects of two simultaneous dynamics within King
County. The first dynamic includes all the demographic changes due to immigration to King
County, emigration from King County, intra-county migration, births, deaths, and changes in
income. The second dynamic is the increase in parks within King County at all levels, from
neighborhood parks to federally protected wilderness areas. In Error! Reference source not
found.13 the population from 2000 was held constant and tabulated according to the Park
Access Score at the 2010 service level. Comparing this figure to 11 shows the change in
population with different Park Access Scores due only to the increase in parks. The number of
people living in census block groups with a Park Access Score of four increased by 76% while the
number of people living in a census block group with a Park Access Score of one decreased by
60%. The total number of people in census block groups of different Park Access Scores is
summarized in Table 2.

Table 2: Population by Park Access Score for 2000 and 2010, holding Population at 2000 Levels

Park Population Percent
Score 2000 2010 Change
1 123,132 | 48,692 -60%

855,051 | 558,353 -35%

2
3 418,297 | 529,071 26%
4 340,554 | 600,918 76%
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2000 Population by ESJ Score and 2010 Park Access Score
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Figure 13: Population in 2000 by ESJ and 2010 Park Access Score

Another way to show the trend is by comparing the mean Park Access Score for each class of
ESJ Score. Table 3 and Table 4 show these results for 2000 and 2010. The mean Park Access
Score increased for all ESJ Score classes from 2000 to 2010. However, while the mean Park
Access Score for those with the lowest ESJ Scores was the lowest of any ESJ Score class in 2000,
the lowest mean Park Access Score in 2010 was for those with the highest ESJ Score. The
largest gains in Park Access Score were made by those with the lowest ESJ Score. The single
largest gain was made by those with an ESJ Score from 1 to 2, increasing by 0.58 from 2000 to
2010. Meanwhile, the smallest gain was made by both those with an ESJ Score from 3 to 4 and
from 4 to 5, with a gain of 0.28.

Table 3: Tabulated Results for 2000

Park Access Score Total by
ES) Mean Park Access
ESJ Score 1 2 3 4 | Score | Score of Population
1-2 95967 | 238987 95177 90678 | 520809 2.35
>2-3 8098 | 216100 | 117514 93161 | 434873 2.68
>3-4 10357 | 175615 96716 85213 | 367901 2.70
>4-5 8710 | 224349 | 108890 71502 | 413451 2.59
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Total by Park
Access Score 123132

855051 | 418297 | 340554
Table 4: Tabulated results for 2010
Park Access Score Total by | Mean Park Access
ESJ Score of
ESJ Score 1 2 3 4 | Score Population
1-2 | 36531 | 182775 | 125196 | 213201 | 557703 2.92
>2-3 7526 | 147967 | 151954 | 177593 | 485040 3.03
>3-4 8834 | 138860 | 143582 | 147732 | 439008 2.98
>4-5 3268 | 160691 | 176140 | 109399 | 449498 2.87
Total by Park
Access Score 56159 | 630293 | 596872 | 647925

Discussion

This analysis demonstrates that access to parks improved overall for everyone in King County
from 2000 to 2010, and while a rising tide lifts all boats, in this case some boats were lifted
more than others. Holding population constant, the Park Access Score improved more for
populations with a low ESJ score than it did for populations with a high ESJ Score. Taking into
account demographic changes, the inequity grew even more. In 2010, of those with a Park
Access Score of four, there are almost twice as many (95% more) people with an ESJ Score from
one to two than there are with an ESJ Score from four to five. While the trends for other Park
Access Score categories are less dramatic, this alone is evidence of inequitable access in King
County.

This raises the obvious question of finding those pockets in King County that are both
underserved by the park system and have high ESJ Scores. The spatial layers produced in this
analysis can be used for this purpose, something that is typically called a site selection analysis.
An example site selection analysis finding such pockets that are within the jurisdiction of King
County Department of Natural Resources and Parks, unincorporated King County, is described
later in this report.

The analysis presented heretofore has not incorporated car ownership. While car ownership
data at the census block group level is available for the 2000 census, it is not yet available for
the 2010 census. However, this analysis was designed in such a way as to easily incorporate car
ownership data. Each of the types of park access opportunity presented in this analysis can be
weighted. Two of the four types of opportunity represent one’s ability to walk to a park, and
could be weighted by a neighborhood’s walkability index, for example. If a park is within
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walking distance, but walking there means traversing a busy arterial with no sidewalks, it is
reasonable to consider that type of access to be lesser access than walking to a park along a
greenway, for example. Likewise, the two types of park access opportunity that represent
driving can be weighted according to car ownership rate per household, for example. This
would further differentiate between areas that are within driving distance to a park where
access to cars is high and those where access to cars is low. A word of caution, however. Car
ownership is likely highly correlated to income. Weighting the park access score with car
ownership, and then expressing demand as being where income is low would, in effect, be
“double counting” income. It is recommended that economic factors be considered in either
Park Access Scores, or demand for parks, but not both. An example of the latter would be to
compute the Park Access Score without using any economic weighting (such as car ownership)
but then selecting potential sites for park development based on low Park Access Scores and
low car ownership rates.

This analysis similarly looks at only the existence of parks, and by doing so uses park size as a
proxy for quality of park. If data is available for specific park amenities, and the demand for
said amenities, a similar analysis could be done for different demographics’ demand for these
amenities. For example, if one had data suggesting that a certain demographic had a particular
demand for a certain type of park amenity, then one could map service areas for that particular
amenity and compare it to the demographic demand for that amenity. However, such an
analysis is out of the scope of this document.

The car transportation network file downloaded from the King County GIS Portal and used for
the network analysis (services areas) includes only streets designed for car travel and does not
include sidewalks and other paths that are not accessible to cars but are accessible to
pedestrians. The network dataset created from this car transportation file was used for both
pedestrian and car service areas. An alternative would be to use a simple buffer around each
park for the different walking radii, but this would have its own problems, e.g. a buffer spanning
a lake or a highway that is not traversable as a pedestrian. The walking service areas based on
the road network dataset are thus not meant to be exact, but to meet the needs of the analysis
at the scale of census block groups.

Site Selection

A sample site selection analysis follows. Given the previous results, it is recognized that park
access shows inequity. Equity of access could be improved by siting a new park where both
current park access is low and the ESJ score is low. Assume also that the park must be placed in
unincorporated King County. First, only those census blocks groups that are within
unincorporated King County are selected. Then, of those block groups, a site can be selected
based on chosen factors and weighting. A quick way to find areas with low Park Access Scores
and high ESJ Scores is to use a bubble plot as shown in Error! Reference source not found.14.
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Consider the plot in quadrants. The bottom right quadrant reflects those block groups with a
low ESJ Score and a high Park Access Score. Those need not be considered as they are wealthy
and have great access to parks. The top right quadrant display those block groups with a high
Park Access Score and a high ESJ Score. These block groups also already have a higher than
average Park Access Score, and need not be considered. The bottom left quadrant are those
with low Park Access Score, so are worth considering, but also have low ESJ Scores, and are thus
predominantly white and higher income. The top left quadrant, however, are all those block
groups that have low Park Access Scores and high ESJ Scores. In other words, this is the
guadrant that DNRP would want to serve better. None of the block groups in this quadrant
have large populations. Population as a weighting factor can confidently be thrown out as they
would all be weighted roughly equally. Selecting all of the block groups in this top left quadrant
yields 15 potential sites which are shown in Error! Reference source not found.15.

Graph of 2010 Census Block Groups in Unincorporated King County
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Figure 14: Bubble plot of census block groups showing ESJ Score vs. Park Access Score, with size scaling by Population
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Highest Demand for Increased Park Opportunity in Unincorporated King County
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This map shows the fifteen census blocks groups with the highest demand for park access opportunity based on park access score,
population, and Equity and Social Justice Score, which takes into account income, percent of the population that is non-white, and
percent of the population for which english is not their first language.

Only census block groups that are in unincorporated King County were considered in this selection.

Map Credit: Matthew Ringel Data: U.S. Census and King County Department of Natural Resources and Parks

Figure 15: Site Selection results for unincorporated King County

Business Case & Implementation Plan

King County has performed equity assessments for several services in the County for people of
color, low-income and limited English proficiency. These services include public transit facilities
and service levels, transit trips, public libraries, public schools, public spaces, healthful food,
health and human services, urban tree canopy, and school performance for graduation rates,
reading, and math. The Department of Natural Resources (DNRP) is expanding on this to
provide equity assessment on services they are responsible for. This capstone project has only
concentrated on park service in King County and recommends the following course of action
towards greater equitable access:

Currently King County applies the method of buffering an area around parks while adjusting for
population density and calculating the percentage area of the census tract covered by the union
of these buffers. The recommendation is to employ the methodology designed in this project
which determines improvement in park access equity through a park access score which is
derived from a service area analysis that determines service accessibility to parks and the
existing ESJ scoring used by DNRP. However, regarding the ESJ scoring, the recommendation is





26

to use four classes rather than five in the ArcMap symbology when classifying the layer for
display or analysis. As mentioned earlier, the use of quartiles allows for improved linear
distribution as the variance in class size is lower.

Results from this project illustrate that the people with the best park access tend to be
predominantly white, high-income and proficient in English. The analysis also demonstrates
that from 2000 to 2010 access to parks improved overall for the population throughout King
County. However, pockets of underserved populations do exist in King County and it is the
recommendation of this project that the spatial layers produced through this analysis be used
for a site selection analysis to address these deficiencies. Areas of low access to parks are
discussed in the Results and Discussion portions of this report.

Additionally it is recommended that economic factors be considered in either park access
scores or demand for parks, but not both. An example of the latter would be to compute the
park access scores without using any economic weighting (such as car ownership), but then
selecting potential sites for park development based low Park Access Scores and low car
ownership rates.

Overall, it is encouraging to see improvement in the number of parks and access increase
throughout the County from 2000 to 2010, but the results of this analysis do reflect inequities
(as of 2010) in the southwestern part of the County in the areas around Burien, SeaTac and
Tukwila.

Lastly, this project recommends that DNRP incorporate this methodology and employ it to
evaluate other services regarding equity such as farmers markets, park facilities, playgrounds,
picnic shelters, and water parks depending on available spatial data. A recent survey of
appropriate data to date and available from the King County GIS data portal online are; bike
facilities, bike lockers, farmer’s markets in King County, park facilities, trails in King County,
shoreline public access.
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APPENDICES

Appendix 1

From “Equitable Services & Access Response From Seattle”

Demographic Characteristics:

A consolidated demographic score (ESJ Score) that was calculated for all of King County, based on using US
Census Tracts. The scores generated from the King County analysis were used for the Seattle analysis.

The source layers for the ESJ Score were: People of Color (people who don’t identify as white and/or are
Hispanic or Latino); English Proficiency; and Median Household Income. The 2000 ESJ Score source layers came
from the 2000 US Census data. For the 2010 ESJ Score, the People of Color demographic came from the

2010 US Census data while English Proficiency and Median Household Income came from the 2006 — 2010
5-Year American Community Survey. Each demographic source is classified into quintiles. A score is assigned to
each Quintile class ranging 1 - 5. The ESJ score for each tract is the sum of 33.3% of quintile score for each of the
three source layers. A lower score indicates less diversity, higher income, & higher English proficiency. A higher
score indicates more diversity, lower income, & lower English proficiency.

2000 ESJ Score
People of Color|Score | Median Household Income |Score | Lack English Proficiency | Score
4.5% - 11.2% 1 $70,353.01 - $133,756.00 1 0.5% - 2.6% 1
11.3% - 15.9% $60,410.01 - $70,353.00 2.7% - 4.9%
16.0% - 22.8% $50,750.01 - $60,410.00 5.0% - 7.5%
22.9% - 33.4% $40,839.01 - $50,750.00 7.6% - 12.8%
33.5% - 90.1% $11,265.00 - $40,839.00 12.9% - 52.0%

nls |wlN
s |w|N
s Jw]s

2010 ESJ Score

People of Color|Score | Median Household Income |Score | Lack English Proficiency |Score
6.3% - 18.0% 1 $92,917.01 - $184,375.00 1 0.0% - 3.3% 1
18.1% - 27.1% $77,708.01 - $92,917.00 3.4% - 6.7%
27.2% - 36.4% $64,199.01 - $77,708.00 6.8% - 11.0%
36.5% - 51.1% $49,764.01 - $64,199.00 11.1% - 17.1%
51.2% -91.2% $5,000.00 - $49,764.00 17.2% - 58.8%
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Recommended Course of Action

Our sponsor at the National Park Service (NPS) tasked our group with devising a new
methodology for updating the Nationwide Rivers Inventory (NRI). We used a pilot study area of one
state, Oregon, but the eventual goal is to update the NRI for all states. Our recommended course of
action is for NPS to examine our designed methodology for effectiveness in providing a landscape-level,
or phase-one, assessment of new potentially eligible river segments for fish, recreation, and/or scenic
outstandingly remarkable values. We also recommend for NPS to use the public-facing web application
our group designed to promote stewardship of river systems and gather crowd-sourced information
from citizens familiar with river segments. Furthermore, we recommend that larger-scale, more
detailed analyses, perhaps involving ground-truthing and site visits, are conducted before any river
segments are officially recommended for National Rivers Inventory status.
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Introduction

The Nationwide Rivers Inventory (NRI) was created as a pipeline for designating wild and scenic
rivers (WSR); therefore one must understand WSRs in order to understand the NRI. A river becomes a
WSR via Congressional designation and must be free-flowing and contain at least one outstandingly
remarkable value. The Wild and Scenic Rivers Act was enacted in 1968 to protect exemplary waterways
“for the benefit and enjoyment of present and future generations,” (Interagency Wild & Scenic Rivers
Coordinating Council 1968). Conceptualized in the 1970s and completed in the early 1980s, the
Nationwide Rivers Inventory was created to identify those rivers which may eventually be eligible for
wild and scenic river designation (National Park Service 2011).

There are two main criteria for establishing eligibility as a National Rivers Inventory segment:
the river segment must be free flowing and contain at least one outstandingly remarkable value (ORV).
According to the National Park Service, “the eligibility analysis consists of an examination of the river's
hydrology, including any man-made alterations, and an inventory of its natural, cultural, and
recreational resources. There are a variety of methods to determine whether certain resources are so
unique, rare or exemplary as to make them outstandingly remarkable,” (NPS, National Center for
Recreation and Conservation 2011). There are nine different ORV classifications, but they all must be
river-related. That is, an outstandingly remarkable value must be located in the river or on its
shorelands, contribute greatly to the functioning of the river ecosystem, or owe its existence to the
presence of the river (NPS, National Center for Recreation and Conservation 2011).

The nine possible outstandingly remarkable values are as follows: scenery, recreation, geology,
fish, wildlife, prehistory, history, cultural, and other values. A river with the scenery ORV has notable
visual features due to landform, vegetation, water, color, and other factors. In order for a river segment
to receive the recreation classification, it must have recreational opportunities that would attract people
beyond the local scale. Recreational activities could include fishing, boating, hiking, camping,
sightseeing, and observing wildlife. A river segment could be eligible for geology ORV classification if it
contains a geologic feature, process, or phenomenon that is rare to the region. The fish ORV is a
protective classification, and therefore is concerned with presence of wild stocks or federal and state
listed threatened, endangered, or sensitive species. The wildlife ORV is similar to the fish ORV in that it
is meant to be protective, and applies to terrestrial or aquatic wildlife species instead of fish species. A
river may be considered to have a prehistory outstandingly remarkable value if there is evidence of use
by and significance to Native Americans. The history ORV is applied to river segments that are
associated with an important person, cultural activity, or significant event, such as a site on the National
Register of Historic Places. The cultural ORV applies to rivers that contain archaeological sites,
traditional practices such as subsistence fishing, or other anthropological characteristics. The other ORV
category is a catch-all for other similar values, such as botany or paleontology, that may not fall directly
into one of the other eight categories (NPS, National Center for Recreation and Conservation 2011).

The first NRI was completed in 1982, with the intention of yearly updates. The most recent
national update was in 1993, to celebrate the twenty-fifth anniversary of the National Wild and Scenic





Rivers Act (National Park Service 2011). The National Park Service decided it was high-time to update
the Nationwide Rivers Inventory, and asked us to design a methodology that would allow for a
nationwide update. It was decided early on during the scoping process that analyzing all nine
outstandingly remarkable values would not be feasible within the span of ten weeks, so we decided to
devise a new NRI methodology for the most populous ORVs in the 1995 Oregon NRI data. Based on a
quick analysis of river miles, we decided to focus on the scenery, recreation, and fish ORVs. The
following report details the steps taken to design our new methodology for updating the Nationwide

Rivers Inventory.





Design and Methods

The primary task of this project was to design a method to systematically identify stream
reaches throughout the state of Oregon for inclusion to the Nationwide Rivers Inventory - and

eventually, so it may be refined and applied to a national scale. Before we could start to identify and

gather data that would be used as representations of outstandingly remarkable values, we had to

investigate the system relative to the scope of our area of study. Social-Ecological Systems (SES) table

was generated which examines the interactions of Biophysical, Economic and Social states Outstandingly

Remarkable values would have on the system at scales at, above, and below the system. Figure 1

depicts the SES table seen below. Likely ideal conditions for rivers to be included in the NRI are

explained, as well as the likely key factors that would aid in contributing to that ideal state.

Figure 1. Social-Ecological Systems Table, Showing Ideal States, at Various Scales Related to ORV
Representations of the Oregon NHD River System.

Goal: Identification and Sustainable management of Wild and Scenic Rivers. Discover new methods to identify
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Figure 2. Thresholds Matrix Displaying the Interactions at the Various Scales of ORVs on the

Oregon NHD River System.
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Though a computational agent based model was not being used for this project, a Thresholds
Matrix (as shown in Figure 2) helps any future development understand what variables may unravel a
system’s ideal, i.e. sustainable, state. The group found that most of the thresholds boil down to
different aspects of human development. Construction of a hydropower dam, urban development,
changes in climate from emissions/pollution, and the presence of intrusive development near an ORV
will typically degrade its quantifiable or intrinsic values that the NRl is trying to capture. It is because of





these variables why the group chose of the ORV elements — which will be discussed later — which help
prevent the swelling of intrusive development that would degrade river ORVs.

At a core of any of the human development thresholds, however, it was discussed and assumed
for this project that all development is viewed in a negative light. We are aware that some
developments may narrowly aid the system by producing clean energy from hydroelectric power
stations, or parks along the riverside for greater recreational benefits. As mentioned earlier, the
intrusive development thresholds typically will damage the ideal characteristic states within the system.

In order to develop spatial representations of our three selected ORVs, the group had to
research and gather the elements (individual feature classes) of each, which will be merged together to
generate the final representation of the ORVs. For the fish habitat ORV, the designated critical habitat
provided by the US Fish and Wildlife Service allowed us to develop an extensive ORV representation that
helps us identify areas (river segments) that contain features essential for the conservation of a
threatened or endangered species. Please see Figure 3 for the locations of critical habitat within
Oregon. The NPS has indicated that these river segments will be included in the NRI because of the
protection of a river segment included in the NRI will contribute to the recovery of any particular
species’ habitat.





Figure 3. Designated Critical Habitat Data Used to Determine River Segments with Fish ORV
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The recreation ORV incudes all areas we were able to find that contribute to a river’s ability to
draw visitors from a distance (non- local residence) to participate in a river’s recreational services

(sightseeing, wildlife observation, camping, photography, hiking, fishing and boating). The elements
that the group was able to procure for this ORV's services were Historic and Scenic Trails, Scenic
waterways, National Monuments, Scenic Waterways, Conservation Areas, Areas of Critical of

Environmental Concern (ACEC), American Whitewater locations, and Wilderness study areas. For

detailed information about data sources used in this pilot study, please see Appendix A. We imagine
that this particular ORV will benefit the most from the external feedback from the public. Though this

list covers all federally designated areas where recreational services are represented, many unofficial

locations for these services likely exist elsewhere. Third party input will help make this ORV more

comprehensive for river inclusion to the NRI. Data elements used to determine recreation ORVs can be

seen in Figure 4.
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Figure 4. Data Sources Used to Determine River Segments with Recreation ORV Characteristics.
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The scenic ORV includes spatial representations of areas that contain of landform, vegetation,
water, or color factors with exemplary features or attractions. Areas where seasonal variations in
vegetation, scale of cultural modifications, and the length of time negative intrusions are also
considered. Though many of the Scenery ORV elements are included in the recreation ORYV (i.e.
recreational sightseeing), this ORV considers the landform and which features are actually viewed from
the river segments. As a result, topological errors (intersects) with the ORVs and stream geometries
themselves are not the only valid scenic elements. To achieve a more accurate representation of all the
scenic ORV elements, a viewshed analysis on the scenic locations was performed. With the Scenic
locations identified as “observer” points, the viewshed analysis identifies all areas where the observers
can be seen from according to the provided DEM. River segments that fall within a visual range and line
of sight of positive viewshed output the 500 meters resolution output raster were included as having
scenic ORV. The scenic elements used in this analysis can be seen in Figure 5.
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Figure 5. Data Sources Used to Determine River Segments with Scenic ORV Characteristics.
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Once all ORVs elements are merged into their respective ORV classes, the topology analysis is
performed to discover which available NHD stream features intersect with which ORV. The spatial
representations of each ORV are set to ‘Must not Overlap With’ any river segment. The generated
topology is validated and the ‘errors’ are output in the geodatabase. Though our analysis directly uses
the output of the topology as the rivers that will be included into the NRI, a useful feature of the
topology errors output dataset that will be used is the retained feature class id. This will allow us to
work with attributes of the former river features for pop-up displays in the final web-mapping
applications.

A preliminary example where only recreations ORVs were examined by the topology analysis
can be seen on the map in Figure 6 below. The final analysis has similar output styles but with a
thorough representation of the spatial and fish ORV datasets. Details of the methodology can be found
in Appendix B.
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Figure 6. Recreation ORV Topology Errors Example.
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The National Parks Service wanted two web maps. One web map is to help facilitate easy
comparison between the current NRI and the new NRI and a second web map to try to spur public
engagement. The creation of the first web map was done using the ESRI JavaScript API. ESRI provides a
large selection of hosted templates that allow for the easy creation of powerful and targeted web apps.
The original thought was to use the Swipe map which allows the user to see all of one map, all of
another map, or half and half of the same extent. The problem with this map was that it was not easy to
spot check the map as the user would have to swipe left and right multiple times to check out the
differences between the current and new NRI. After testing our data with the swipe map it became very
apparent that it was not the right tool for the job, the story telling template was then tested and
ultimately chosen because it did exactly what the NPS asked for. The story telling template allowed for
two maps to be viewed side by side where the web app would synchronize both scale and location so
when the user panned on one map it would automatically move to the same extent in the other. The
result was web app that allowed for fast and easy comparison of both NRI datasets.

The public facing web map was created using underlying ESRI technology to deliver the data
over the internet and the Geocortex HTML 5 viewer to create the public facing map. The goal of the
public facing map was to help the public find different segments of river with outstandingly remarkable
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values and give them a way to submit feedback to the National Parks Service. A self-populating google
form was created and built into the web map to allow for easy feedback submitting. The main reason
Geocortex was chosen over using solely ESRI technology was because the National Parks Service already
is a Geocortex customer and uses the technology heavily. Geocortex allows for the fast creation of
powerful web maps that would require heavy custom JavaScript development to achieve a similar
product. One of the main concerns that the National Parks Service had of our work was their limitation
in human power and ability to maintain complex solutions. The NPS is already stretched to the max and
cannot absorb new responsibilities and work created by us so the goal of creating this map was to make
something that was simple, effective, and ultimately very easy to maintain and implement. By
leveraging their own technology and infrastructure to deploy the public facing map we reduce the need
to have personnel learn new technologies and make it even easier to maintain our final solution. After
the creation of both the internal and external map a technical document was made with detailed
instructions on how to deploy either map so should the maps need to be moved to a different GIS
system in the future there would be instructions on how to do so. The technical documentation can be
found in Appendix C.
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Results

The current NRI for the state of Oregon consists of 140 segments that span roughly 826 miles.
In contrast, the new NRI created using the methodology outlined in this paper created a total of 12,031
river segments with one or more outstandingly remarkable values that span a total of 16348 miles.
Figure 7 displays a side by side comparison of the current and new NRI.

Figure 7. The Original 1995 Nationwide Rivers Inventory Compared (left) Compared to the New NRI
Analysis (right).

Current NRI New NRI

The biggest difference is that there are a lot more sections of river that could be added into the NRI and
that many of these sections are a lot smaller in length than the current NRI. In the current NRI the
average length of a river section is 5.9 miles while in the new NRI it is only 1.3 miles.

Fish outstandingly remarkable value is the most populous value by far with a total of 7,215 river
segments which span for 10,175 miles. The second most populous outstandingly remarkable value is
recreation with 6,718 segments which span for 8,966 miles. Lastly, the scenic remarkable value has a
total of 3,572 river segments which span for 4,723 miles. Of the 12,031 river segments created using the
new methodology about 60% of those segments only have one outstandingly remarkable value. This
means that the other 40% have either two or more outstandingly remarkable values. Maps displaying
each individual outstandingly remarkable value are shown in Figure 8.
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Figure 8. Results from the Fish, Recreation, and Scenic ORV Analyses.

Fish NRI

Recreation NRI

Gﬁ!r.H’lnch:\
& n..m.u Fomsl

Bend
o

4 Deschutes
[ Natonal Forest

o wa"hlv y
el Nmurv-sn i

"OREGON

Y BN T 7/ : ¥ =

- :> T 4 usima_ [
o' ¢ Networat ¢
S akima ) 5 ‘h/ g s Yakima

Lewiston SN
B

NR-K'NNL
onagvow -

Suurces Esri, HERE, DeLurme TomTom, Imelmap mcrementP
Corp), GEBCO, USGS, FAQ, NPS, NRCAN, GeoBase, IGN,
Kadaster NL, Ordnance Survey, Esrl Japan, METI Esri China
(Hong Kong), , © Ope p 4
" contributors, and'the; GIS User Comrrlunﬂy N y ,

£ Sources Esri, HERE | \DeLbrme TomTom, Inlermap |ncrememP

’ (Hong Kong), y ,©0

_ Lewston

Nt Kennewick
> 0

L

Corp}, GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN,
KauasterNL Ordnance Survey EsrlJapan METI Esri China

contributors, anutneGlS User Communny A

Scenic NRI

Py

. Lewston
&

Gifford-Pinchot ANz %

“Mational Foresf;

Kennesic ¥ e

National
Forest {

vl Sources Esri, HERE, wDeLorme TomTom, In(erman |ncremen(P
Corpl, GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN,
Kadaster NL, Ordnznce Survey, Esri Japan, METI, Esri China

S (Hong Kong), swisstopo, Mapmylndla ©Openstreetilap

N\ o contribUtors, and theiGIS User. Community -,

16





The fish outstandingly remarkable value is by far the densest and can be found heavily on the
west coast near the Pacific Ocean and in the mid-east portion of the state. In contrast the scenic
outstandingly remarkable value is scant on the west coast of the state and is found primarily in the
southern part of the state with river segments scattered all over the state. The recreation outstandingly

has a similar distribution as the fishing outstandingly remarkable value except it is less dense along the
west coast and has some segments in the Harney Basin.
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Discussion

At first, a visual comparison of the 1995 Oregon Nationwide Rivers Inventory to the results
found in this pilot study may seem alarming. Significantly more river segments and mileage could now
potentially be eligible for NRI status, as emphasized in Figure 9 and Figure 10, which display the change
in mileage and percent change in river segments from the 1995 NRI to the results from this pilot study.
For example, Figure 11 compares the original 1995 river segments with fish outstandingly remarkable
value to the potentially eligible river segments determined by this analysis. It also displays our base set
of potentially eligible streams, that is, those stream segments classified as perennial in the NHDPlus data
and not adjacent to a dam with hydropower capabilities or taller than 50 feet. Returning to the source
data provides answers to questions that may arise looking at the map. According to the U.S. Fish &
Wildlife Service, only two fish species with available geospatial data had critical habitat designated
before 1995: Warner Sucker and Borax Lake Chub (U.S. Fish & Wildlife Service n.d.). Many threatened
and endangered species did not have land designated as critical habitat until much later. Bull Trout, for
example, was not presented in the Federal Register until October 18, 2010, and Chum Salmon and
Chinook Salmon were not designated in the Federal Register until February 16, 2000 (U.S. Fish & Wildlife
Service n.d.).

Figure 9. Miles of Recreation, Scenic, and Fish Outstandingly Remarkable Value River Segments from the
Original 1995 Data Compared to the 2014 Analysis.

12000

10000

8000

6000

11995

2000 w2014

2000

0 .
Recreation ORV  Scenic ORV (Miles) Fish ORV (Miles)
(Miles)

18





Figure 10. Percent Change in ORV River Segments from the Original Data to the 2014 Analysis.
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The differences between the old and new NRI results for recreation and scenic ORVs can most
likely be explained by time and improvements in technology. The Nationwide Rivers Inventory was
conceptualized in the mid-1970s by the director of the Bureau of Reclamation and completed in August
1982 (National Park Service 2011). The methodology devised for this pilot study, using detailed
nationwide data and relying on quality geospatial information, would not have been possible in the early
1980s. Analysts used 1:500,000 USGS topographic maps to identify river segments and field verified
rivers of interest with video-taped aerial flyovers (National Park Service 2011). Digitalization of
conservation and geospatial information has resulted in a much more efficient process. The difference
between the 1995 Oregon NRI river segments and the 2014 river segments for recreation can be seen in
Figure 12; Figure 13 shows the river segments for the scenic outstandingly remarkable value. A number
of river segments contained qualities for multiple outstandingly remarkable values. Figure 14 shows
those river segments that contain elements of fish, recreation, and scenic ORVs. Figure 15 displays all
NRI river segments from the 1995 Oregon data compared to the NRI results found in this pilot study.
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Figure 11. A Comparison of the 1995 NRI Fish ORV River Segments to the 2014 Analysis Results.
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Figure 12. A Comparison of the 1995 NRI Recreation ORV River Segments to the 2014 Analysis Results.
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Figure 13. A Comparison of the 1995 NRI Scenic ORV River Segments to the 2014 Analysis Results.
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Figure 14. River Segments that have all Three Fish, Recreation, and Scenic Qualities.
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Figure 15. Comparing All 1995 NRI Segments to All 2014 NRI Analysis Results.
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The National Park Service sponsors expressed several deliverables they wished to see as a part
of this project. One of them was a tabular comparison of 1995 NRI rivers with the segments found in this
pilot study, along with the visual comparison. Table 1 below displays the various named rivers and
overlapping miles between the original and new NRI studies.

Table 1. Length of River Segments that Overlap Between Original Published NRI and New NRI Analysis.

Matching Stream Number of New . .
Name NRI Segments Overlapping Miles
Alsea River 14 231.1851
Antelope Creek 10 24.4334
Bear Creek 90 387.9580
Boulder Creek 90 254.4772
Breitenbush River 7 71.5104
Canton Creek 12 125.7959
Chetco River 22 240.9776
Clackamas River 33 480.4448
Cow Creek 51 1358.2418
Crabtree Creek 7 12.1657
Crescent Creek 7 49.9372
Crooked River 12 851.5741
Deschutes River 25 784.2515
Drift Creek 17 178.5012
Eagle Creek 45 329.7078
Fall Creek 34 397.1363
Fall River 2 22.9144
Fish Creek 25 142.8976
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Number of New

Matching Stream

Overlapping Miles

Name NRI Segments
Grande Ronde River 1801.2920
Jack Creek 5 25.7648
John Day River 105 8587.0891
Joseph Creek 8 287.7033
Kilchis River 7 112.6417
Little Deschutes River 33 2051.0008
Little Luckiamute River 8 215.1085
Little Nestucca River 13 257.2689
Little North Santiam
n-— 10 173.5752
Lobster Creek 10 165.1034
Lostine River 17 233.4761
Luckiamute River 21 1288.6494
Malheur River 31 130.4753
Marten Creek 2 14.3118
McKenzie River 18 213.5628
Miller Creek 9 54.7736
Minam River 23 211.3760
Molalla River 32 431.7348
Nehalem River 56 6938.5240
Nestucca River 21 159.8632
New River 3 23.0482
Opal Creek 4 15.4211
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Matching Stream Number of New

Overlapping Miles

Name NRI Segments
~ PaulinaCreek 10 84.3817
Quartzville Creek 5 40.1859
Sandy River 14 161.6488
Sevenmile Creek 2 11.0046
Sharps Creek 4 44.5754
Siletz River 20 1337.2698
Siuslaw River 35 539.9202
Smith River 35 583.8788
Steamboat Creek 8 23.2102
Tenmile Creek 11 6.1430
Trask River 8 151.5648
Tualatin River 17 1366.9725
Walker Creek 11 31.9101
Whittaker Creek 3 18.1681
Willamette River 4 676.8300
Wilson River 18 543.0200
Yaquina River 21 1129.6398

Our National Park Service sponsors are particularly concerned about potential new hydropower
development in the pilot study area and nationwide, and how that could impact stream quality. A
second deliverable they requested was an examination of hydropower in two capacities. The first was
examining the 2014 report about the potential of new stream-reach development (NSD) on over three
million US streams published by the Department of Energy (DOE) Water Power Program, in conjunction
with Oak Ridge National Laboratory (ORNL). Initially, the results seem quite alarming for the Pacific
Northwest region, as that region had the highest potential for hydropower development. In total, the
report projected that undeveloped NSD capacity is 84.7 GW, and undeveloped NSD generation is 460
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TWh/year. The report projected NSD capacity for the Pacific Northwest region is 25.2 GW and the
generation is 149 million MWh/year (Kao 2014). The report differentiates between larger (>1 MW) and
smaller (<1 MW) capacity stream-reaches. In the Pacific Northwest Region, undeveloped NSD capacity in
larger stream-reaches is projected to be 15,997 MW with a potential generation of 96,756,000 MWh of
generation. Smaller stream reaches have a projected NSD capacity of 9,228 MW with a projected
capacity of 52,244,000. This is about 76% of existing conventional hydropower nameplate capacity (Kao
2014). The highest hydropower potential for an individual state is in our pilot state, Oregon. Oregon
has an undeveloped NSD potential capacity of 8.9 MW and potential generation of 53.4 MWh/year from
hydropower.

Examining these numbers alone can be startling to those concerned with altering the water
systems. ORNL and DOE did not simply look at potential; they also identified a number of
environmental, social, and cultural factors. They did not specify mitigation measures for any of these
factors, but did identify how their presence could affect development. After excluding stream-reaches
in close proximity to national parks, wild and scenic rivers, and wilderness areas, Oregon is projected to
have a potential NSD capacity of 4.5 MW and potential generation of 25 million MWh/year. The Pacific
Northwest Region has a projected capacity of 17 MW and generation of nearly 98 million MWh/year
(Kao 2014).

Following through on hydropower development in the Pacific Northwest could have potentially
serious impacts to wildlife and recreation. For example, twenty-eight species have designated critical
habitat in the Pacific Northwest. Eighty-three percent of stream-reaches with hydropower potential
intersect at least one critical habitat and ninety-nine percent intersect protected lands (Kao 2014).
There are 1,595 boat ramps, 1,157 freshwater fishing access areas, 550 waterfalls, and 867 recreational
boating river sections (Kao 2014). Hydropower development could definitely impact the three
outstandingly remarkable values studied in this pilot project if mitigation measures are not enacted.
Figure 16 shows the NRI results from this pilot study with the potential annual energy projected by
ORNL.

Our NPS sponsors expressed interest in a second hydropower issue, as well. The Northwest
Power and Conservation Council (formerly the Pacific Northwest Electric Power and Conservation
Planning Council) created a list of Protected Areas in 1988, and updated most recently in 1992.
According to the Council, these areas should be protected from hydroelectric development because the
risks of loss to fish and wildlife were deemed irreversible (StreamNet n.d.). Given that the data were
available in the form of a 30,000+ record access database or as a web map, but the raw geospatial data
were not readily available, this comparison was left for future work.
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Figure 16. 2014 NRI Results with the DOE ORNL Report Potential Annual Energy.
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Our sponsors also expressed interest in how the new Nationwide Rivers Inventory results would
relate to designated wild and scenic rivers. We found 152 named rivers from the NRI results that
overlapped wild and scenic rivers. Figure 17 below shows the overlap between the NRI results and Wild
and Scenic Rivers. Table 2 that follows lists the named stream segments that overlapped established
wild and scenic rivers and the mileage of overlap.
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Figure 17. Pilot Study NRI Results and Wild and Scenic Rivers.
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Table 2. NRI Named Streams that Overlap Established Wild and Scenic Rivers.

Stream Name Overlap Mileage
Ankle Creek 166
Backout Creek 1.62
Bakeoven Creek 0.62
Baldy Creek 1.19
Basin Creek 3.15
Big Creek 3.75
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Stream Name Overlap Mileage

Bighorn Creek 1.62
Blue Creek 1.93
Bogus Creek 1.48
Boulder Creek 0.73
Bowman Creek 0.95
Box Canyon Creek 1.83
Bridge Creek 2.53
Brokencot Creek 2.10
Bunker Creek 2.17
Burnt Creek 2.04
Calico Creek 1.94
Caribou Creek 0.54
Carter Creek 4.30
Cayuse Creek 1.24
Chalk Creek 4.79
Cheeney Creek 0.08
Chetco River 12.48
China Cap Creek 1.58
Christy Creek 1.00
Clackamas River 28.43
Cliff Creek 4.16
Collawash River 7.88
Copper Creek 1.67

31





Stream Name Overlap Mileage

Corral Creek 1.27
Cougar Creek 1.16
Courtney Creek 3.05
Cove Creek 1.02
Crescent Creek 6.98
Cub Creek 5.89
Culvert Creek 1.98
Dartmouth Creek 1.10
Deep Creek 0.71
Deschutes River 13.61
Dinner Creek 1.54
Dixie Creek 2.78
Donner und Blitzen River 6.71
Dunno Creek 1.02
Dutch Flat Creek 4.16
Eagle Creek 15.30
East Fork Collawash River 1.60
East Fork Hood River 4.75
Elk River 6.55
Elkhorn Creek 1.36
Ellis Creek 1.83

Fall Creek 3.51
Fifteenmile Creek 4.17
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Stream Name Overlap Mileage

Fish Creek 8.86
Fisher Creek 4.90
Glade Creek 2.86

Gowing Creek 1.68
Grande Ronde River 10.98
Granite Creek 2.84
Grizzly Creek 1.41
Grouse Creek 2.96
Horseshoe Creek 2.78
Hunter Creek 1.88
lllinois River 14.74
Imnaha River 15.22
Jack Creek 2.87
Jack Davis Creek 1.43
Jazz Creek 2.56
John Day River 22.48
Jones Creek 0.71
Joseph Creek 4.62
Junction Creek 1.26
Kink Creek 431
Labrador Creek 2.01
Lackey Creek 1.61
Lake Creek 4.44
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Stream Name Overlap Mileage

Little Blitzen River 9.72
Little Boulder Creek 1.64
Little Deschutes River 19.23
Little Pot Creek 291
Long Creek 1.28
Lostine River 2.57
Lunch Creek 1.57
Major Creek 1.30
Malheur River 2.14
Maple Creek 1.13
Martin Creek 2.90
McKenzie River 491
McKinley Creek 3.81
Meadow Creek 5.67
Meadows Creek 3.67
Memaloose Creek 0.80
Metolius River 6.54
Middle Fork Hood River 1.18
Minam River 13.08
Montgomery Creek 1.58
Mud Creek 2.12
Muddy Creek 0.97
Myers Creek 0.77
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Stream Name Overlap Mileage

North Fork Crooked River 6.48
North Fork Elk River 1.35
North Fork John Day River 14.78
North Fork Malheur River 3.95
North Fork Middle Fork Willamette River 12.52
North Fork Owyhee River 2.81
North Umpqua River 11.73
Oliver Creek 4.36
Onion Creek 0.99
Owyhee River 26.59

Park Creek 1.50

Peat Creek 0.65
Powder River 6.95
Puzzle Creek 1.86
Quartzville Creek 3.03
Raspberry Creek 1.19
Roaring River 2.55
Robinhood Creek 1.68
Rock Creek 0.82

Rogue River 17.31

Rum Creek 0.50

Russ Creek 1.07
Salmon River 4.54
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Stream Name Overlap Mileage

Sandy River 1.63
Second Creek 1.49
Shasta Costa Creek 0.42
Sheep Creek 4.15
Skookum Creek 3.72
Slick Ear Creek 2.09
Slide Creek 1.30

Sluice Creek 1.96
Snailback Creek 2.75
Soldier Creek 1.27
South Ankle Creek 1.00
South Fork Clackamas River 3.24
South Fork John Day River 8.18
South Fork Roaring River 2.94
Splintercat Creek 1.60
Squaw Creek 2.63
Summit Creek 0.32
Swamp Creek 0.55

Tate Creek 2.22

Third Creek 1.38

Three Lynx Creek 2.13
Trail Creek 2.60

Tulley Creek 1.43
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Stream Name Overlap Mileage

Tweed Creek 1.59
Wallowa River 5.06
Wenaha River 6.86
West Little Owyhee River 12.48
White River 1.46
Wildhorse Creek 211
Wind Creek 0.39
Zigzag River 1.80
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Business Case and Implementation Plan

Like all simulations and analyses of social ecological systems, a proper business function that
meets the needs of a particular business case for proper implementation is essential. Defining project
goals, preventing mission creep, and identifying roles are keys to such proper business function’s
success and would be ideal for this particular project on the Nationwide Rivers Inventory project.

Although different levels of expertise are required for this particular project, each person would
likely be involved at each step of the process, and at the very least, decisions at each step of the process.
For this purpose, a similar structure to the Agent Based Modeling and Simulation - Generalist Modeling
(North 2007) structure would be an ideal approach to the business process. All the project tasks are
spread over several people but still require each of them to have at least some involvement in each task.
Though the skillset of each person involved may differ, the tasks for the project are so dependent on
one another that each decision in the process requires input from everyone. Thus, there will be a true
understanding of how the model and simulation works for everyone involved.

For the Nationwide Rivers Inventory project group, every one of all skillsets collaborates on each
task to ensure that subsequent tasks had everything required in order to move forward. A diagram of
the business case and implementation plan is shown in Figure 18.

e Conceptualization: All personnel involved in the NRI project are involved in the conceptual
design of the model. The project manager (in this case, the sponsor) provides whatever
information they can and makes themselves fully available for further input. A discussion of the
business needs of the model is paramount at this stage. Group Result: A decision is made the
project will attempt to update the Nationwide Rivers Inventory for WSR designation.

e Scoping: Analysts, Molders, Managers and Developers investigate the realistic goals of the
project. Through the conceptualization, everyone involved expresses what their idea of a
realistic goal for the project should be. Group Result: The state of Oregon was chosen as the
geographic scope and three of the ORVs were chosen to be investigated. Oregon has the most
comprehensive “old” NRI dataset which may be easily modeled after.

e Roles and Tasks: All group members will be involved in data identification and gathering. Group
Result: Several data sources were discovered for use in the modeling of the outstandingly
remarkable values. Topology and viewshed analyses decide on the best methods of identifying
Rivers that have an ORV.

o Initial Analysis Testing: Group attempts to investigate the preliminary topology analysis for
identification of Rivers that contain an ORV. Group Result: Initial testing of analysis is successful
but not comprehensive (only one ORV will be tested; ensuring analysis works as intended.)
enough for declaration of final output.
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The National Parks Service needed a new way to view the data once the initial analysis testing was
complete. A web map was created and designed to be simple but highly powerful by allowing for side
by side comparison of the current and new NRI data. The web map was created and included an
automatic synchronization and location feature so that when NPS staff was inspecting one area the
adjacent map would be in the exact same spot, allowing for staff to focus on the important parts of the
data and not having to worry about if the maps are in the proper extent.

Along with the new Nationwide Rivers Inventory, the National Parks Service wanted to create a way
for the public to consume the new data along with trying to engage the public in a way that would be
productive without creating too much extra work on their end. This web map was created in
conjunction with a simple google form which allows the public to view a river segment, see which
outstandingly remarkable values it has, and if they want leave feedback via the google form. The web
map is built using HTML 5 so it is platform and device agnostic and be accessed anywhere internet is
available.

To make sure the deployment of both web maps was easy and effortless for the National Parks
Service a technical guide was made. The guide goes in great depth with step by step details on how to
deploy both maps and all the underlying technology needed. The design of the guide is to make sure if
someone needs to make tweaks or move the technology to another system it should allow them to
understand all the interconnected GIS parts and the ways to tweak or move the system.
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Figure 18. Business Case Diagram.
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Appendix A: Data Sources

The following section details the data sources that were used and considered in this pilot study
to design a methodology for updating the Nationwide Rivers Inventory.

Rivers

e NHDPlus Version 2 — river segments

O

The National Hydrography Dataset (NHD) Plus Version 2 data were used as the base
stream data. The dataset is freely and publicly available for the entire United States.
Originally produced by the United States Geological Survey (USGS), NHDPlus is now
compiled and hosted by Horizon Systems and available for download here:

. For the NRI analysis
the flowline data were queried to include only perennial streams and to exclude river
segments that were adjacent to any dams with hydropower capabilities or dams that
are taller than 50 feet.

e 2012 National Anthropogenic Barrier Dataset (NABD) — dams

O

The National Anthropogenic Barrier Dataset was used to identify dams in the pilot study
area to query river segments. The dataset was compiled by Michigan State University
and is distributed by USGS on their National Fish Habitat website. The data are available
for download here:

e Oregon NRI dataset

O

The Nationwide Rivers Inventory data for Oregon was suggested by National Park
Service sponsors for this study. The 1995 data were used for comparison to analysis
results. The data are available for download here:

e Designated Wild and Scenic Rivers

O

Designated wild and scenic river data were used for comparison to analysis results.
They are available at the national level, were obtained from Rivers.gov, and can be
downloaded here: . Detailed information about
Oregon wild and scenic rivers can be found here:
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Fish ORV
e US Fish & Wildlife Service Designated Critical Habitat

o Line and polygon data of fish species with designated critical habitat were downloaded
for the fish outstandingly remarkable value. FWS designated critical habitat is available
nationwide and is compiled and maintained by US Fish and Wildlife Service. Data for
Oregon and other states is available here:

. Fish species with spatial data
included in this analysis are: Borax Lake chub, Oregon chub, Chinook salmon, Chum
salmon, Coho salmon, Steelhead, Lost River sucker, Short-nosed sucker, Warner sucker,

and Bull trout.
Recreation ORV
e Generalized Fish Distribution

o Fish habitat (not designated critical habitat) geospatial data were obtained for the
recreation ORV analysis because fishing is a qualifying recreational activity for NRI
status. Data were downloaded from StreamNet, as linked to by the Oregon Department
of Fish and Wildlife:

e QOregon Scenic Waterways

o Oregon State Scenic Waterways were obtained after a suggestion from our sponsors.
The dataset was sent from David Quillin of the Oregon Parks & Recreation Department
after contacting their website.

e QOregon State Parks

o Oregon state parks were downloaded from the Oregon state government website
( ), as state parks offer

numerous recreational activities that qualify for NRI status.

e National Water Trails System

o Geospatial data for national water trails were obtained internally by our NPS sponsor
after we learned about them in our data search. We decided to include them because
they were designated in part to increase access to outdoor recreation. More
information about the National Water Trails System can be found here:

e Areas of Critical Environmental Concern

o Areas of Critical Environmental Concern (ACEC) are maintained by the Bureau of Land
Management (BLM). An ACEC is designated to protect public lands with important
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historic or scenic values, fish or wildlife resources, or to protect others from natural
hazards. More information about ACECs can be found here
or

here

Data can be downloaded here:

National Historic and Scenic Trails

o National Scenic and Historic Trails were included in the ORV analysis because they are
part of BLM’s National Conservation Lands. Historic trails have cultural significance and
follow a historic trail or route of travel, such as the Pony Express or Oregon Trails.
Scenic trails provide recreational opportunity as they pass through areas with scenic,
historical, natural, or cultural qualities. Information about trails can be found here:

. Trails data

can be downloaded here:

National Conservation Areas

o National Conservation Areas (NCAs) were included in the ORV analysis because they are
part of BLM’s National Conservation Lands. They are designated by Congress to
conserve, protect, manage, and enhance public lands for the use and enjoyment of
present and future generations. NCAs are designated as such if they have exceptional
ecological, historical, recreational, cultural, or scientific values. More information about
NCAs is found here:

. Geospatial data can be downloaded here:

National Recreation Areas

o Geospatial data for National Recreation Areas (NRAs) are maintained by the Forest
Service, but were downloaded from the BLM:

. They were included in the ORV analysis because the areas support and allow a
number of NRI qualifying recreational activities.
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e National Monuments

o National Monuments were included in the ORV analysis because they are part of BLM’s
National Conservation Lands. They are established to protect exceptional natural or
historic features and landscapes. More information about national monuments can be
found here

and
geospatial data can be downloaded here

e Wilderness Study Areas

o Wilderness Study Areas (WSAs) were included in the ORV analysis because they are part
of the BLM’s National Conservation Lands. They generally are primitive and unaffected
by human development. They can also have scenic, ecological, historical, or other
special qualities. Information about WSAs can be found here

. Data can be downloaded at various BLM State Office websites; Oregon data can
be downloaded here:

e Desirable Whitewater Rivers

o At the request of our sponsors, we downloaded the KML River List from American
Whitewater from
, was whitewater rafting is a popular recreational activity in the
Pacific Northwest. Nationwide data are also available.

e Waterfalls

o Waterfall points in the state of Seattle were obtained from Geology.com
( ) at the behest of our sponsor. Latitude
and longitude for points were collected from the site and converted to spatial data for
the ORV analysis. Nationwide data are also available.

Scenic ORV
e 30 meter Digital Elevation Models

o Thirty meter digital elevation model rasters for Oregon were downloaded from the
Natural Resources Conservation Service (NRCS) Geospatial Data Gateway here:
. They were merged together and
used in the viewshed analysis for the scenic ORV.
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e Areas of Critical Environmental Concern

o Please see description in the Recreation ORV section.
e National Monuments

o Please see description in the Recreation ORV section.
e National Scenic and Historic Trails

o Please see description in the Recreation ORV section.
e Scenic Waterways

o Please see description in the Recreation ORV section.
e  Waterfalls

o Please see description in the Recreation ORV section.

Comparison Data

e Areas to be Protected from Hydropower Development

o This Access database of areas to be protected from hydropower development was
developed for the Northwest Power and Conservation Council and is hosted by
StreamNet. It was downloaded for comparison to the NRI analysis results. The Access
database is available here: and the
online web application is available here:

e National Hydropower Asset Assessment Program New Stream-Reach Development

o The companion data to the report, New Stream-reach Development: A Comprehensive
Assessment of Hydropower Energy Potential in the United States, compiled by Oak Ridge
National Laboratory, is available for download here:

. The dataset was used to compare areas of high
hydropower potential with the NRI analysis results.

Data Considered but Not Used

e Oregon: National Fish Habitat Assessment Program 2010 Habitat Condition Index Scores and
Disturbances

o The Habitat Condition Index dataset is a nationwide dataset distributed on the USGS
National Fish Habitat site and compiled by Michigan State University. It examined a
number of data sources that represent human disturbances on landscape for how they
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would affect fish habitat, resulting in a final index score. The data for Oregon are
available for download here:

. We could not decide where to incorporate this dataset and so therefore did not
use it, but data quality was not an issue. We considered using the attribute with the
number of road crossings in each local catchment, but the number was fairly steady
throughout the study area, and would not have added much value to the analysis. We
believe the data could be applicable in additional ORV studies.

e Official Recognized Zones of Pacific Marine and Estuarine Fish Habitat Partnership, 2013

o The Official Recognized Zones of the Pacific Marine and Estuarine Fish Habitat
Partnership are also available on the USGS National Fish Habitat website
here:
We decided against this dataset because it did not add particular value to the
NRI analysis; data quality was not an issue.

e National Wild Fish Health Survey Database (NWFHSDb)

o The National Wild Fish Health Survey Database is hosted and maintained by FWS; the
searchable web application is available here:

. The web application provides
detailed descriptions of nationwide locations where various fish species were tested for
pathogens and the results of these tests. The data were not used because we were
unsure of how to incorporate the point data into the fish ORV analysis. Data quality was
not an issue.
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Appendix B: Technical Guide for Deploying Nationwide River
Inventory Analysis

In order to properly model the chosen Outstandingly Remarkable Values in Oregon, one must
generate or download the most up-to-date versions of the ORV elements to a designated file
geodatabase. For the purposes of this project, each feature element was stored in an appropriate
feature dataset (i.e. American whitewater, and fishing are stored in the Recreational feature dataset,
while waterfalls and National monuments were stored in the Scenic feature dataset).

Within each dataset, the elements of each ORV are merged into a single feature class using the
Merge geoprocessing tool provided by ESRI. The output of the merge spatially represents areas that
have that specific ORV. Itis recommended that the user “clean up” the merge output attribute table
since all the attributes of all the elements will be retained in the merge output. The user should then
give all the elements usable names that represent the ORV element which will makes concatenating
their representations easier.

The scenic ORV requires a little more than just merging the spatial representations of the
elements. Since scenic ORVs can be seen from far away, the viewshed analysis must be performed on
the merged scenic ORV. Using the viewshed geoprocessing tool, a 30 meter DEM bare earth raster was
used in conjunction with the observer points (Scenic ORVs) to determine areas that have visible line of
sight of Scenic ORVs. This output, as well as the representations of Scenic ORVs were merged one step
further into the final Scenic ORV.

Now that all the ORVs are created, they should be copied to a new feature dataset called
Analysis, as well as a polygon representation of the possible stream segments — this is where the
topology analysis will be performed. Create a new topology and select “Must not overlap with” Stream
segments for each of the ORV feature classes. Once validated, the error output from the analysis can
be spatially joined to the existing NHD polylines, which now represent the rivers of the new Nationwide
Rivers Inventory.
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Appendix C: Technical Guide for Deploying Nationwide River
Inventory Online Maps

This guide is intended to help anyone who wished to deploy two specific online maps designed for
the National Park Service’s Nationwide River Inventory (NRI). The first online map is an internal map
designed to give NPS staff an easy way to compare and contrast the difference between the current
Nationwide River Inventory and the new Nationwide River Inventory created using a new methodology
designed by Emily Zvolanek and Scott Schlueter. This guide will go over the necessary steps to
implement both maps up and running. The following is a list of required or optional technology needed:

e ArcGIS Server at 10.1 or above (required)

e ArcDesktop and Catalog at 10.1 or above (required)

e ArcSDE at 10 or above (optional)

e An organizational account to ArcGIS online (required)

e Geocortex Essentials Software with HTML 5 viewer (required)

Attached with this technical guide should be a zip file that contains a file geodatabase and an ArcGIS
MXD. The file geodatabase contains the following data:

e originalNRI
o This feature class is the original nationwide rivers inventory dataset.
e newNRlI

o This feature class is the new nationwide rivers inventory created using the new
methodology

e FishORV

o This is a feature class that shows all the areas considered for the Fish Outstandingly
Remarkable Value

e RecORV

o This feature class shows all the areas considered for the Recreation Outstandingly
Remarkable Value

e ScenicORV

o This feature class shows all the areas considered for the Scenic Outstandingly
Remarkable Value
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e XXNRI

o Where XX is some combination of Fish, Recreation, or Scenic. This was done to split out
the new NRI into smaller components for two reasons. One was to make it very easy to
identify which segment of river belonged to which ORV(s). The second reason was to
increase performance in the online maps. By breaking up one giant feature class into a
bunch of smaller feature classes drawing performance was increased.

All of the feature classes mentioned above are used in the MXD that the web service is based off of
except for newNRI which is the equivalent of all the XXNRI feature classes turned on at once. This
feature class is kept with the file geodatabase just so the original will be with the data.

Once you have all the technology stated and the zip file with the file geodatabase and mxd
unzipped on a computer with ArcDesktop and access to the ArcGIS server that will be used to host the

data open up the NRIMXD and make sure everything is drawing correctly. It should look like the image
below:
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If you have no broken data sources and everything looks correct there are two ways you can
proceed. The first more preferable approach will be to move all the data in the MXD from the file
geodatabase into ArcSDE. To do this, open up ArcCatalog and import the data into the Database of
choice. Once this has been completed right click the NRIMXD and change the data source from the file
geodatabase to ArcSDE. The second and less desirable option would be to publish the MXD directly to
ArcServer. If this approach is done the data will be copied to the server directly. The issue with this
approach is that every time you make changes to the data the MXD must be republished. This is not an
issue if you publish the web service with an MXD pointing to ArcSDE. When publishing the MXD please
accept all the defaults and click the publish button in the top right corner. If you need help publishing a
web service please read the technical documentation found . Once the MXD has been published
double check it is on the web by going to your ArcServer’s REST end point and viewing the new service
using the JavaScript map built into ArcServer. After the service has been checked and confirmed the
internal comparison map can be created.

Creating the Internal Comparison Map

Creating the internal comparison map requires that the Nationwide Rivers Inventory map

service already be up and running. If the map service is not running please refer to the previous part of
this guide to publish it. Once the map service is up and running log into your ArcGIS Online
organizational account and go to “My Content”.

HOME GALLERY MAP GROUPS MY CONTENT MY ORGANIZATION 7 Neil ~ Q

My Content
Folders + Add Item ElCreate Map & Create Layer
 Title Type Modified Shared
NEW N
Arch Trust Fund Projects Web Map Feb 25, 2014 Everyone
COBNShetty (Home)
[P Arch Trust Fund Projects Web Mapping Application Aug 12, 2014 Everyone
Show 1
| BF Test Map Web Map Jun 4, 2014 Everyone
All
[F] coB 2009 ortho Basemap Web Map Oct 2, 2013 Not Shared
Maps
Layers ’_ COB Address Verification Web Map Feb 18, 2014 Everyone
AppS
. [ coBMapViewer Application Mar 14, 2014 Not Shared
ools
Files [E] FireNotesPopupEditor Web Map Sep 12, 2013 Everyone
[E] Mobile Storm Drainage Basin Lookup Web Map Jun 11, 2014 Everyone
[P MyTestGeoTriggerApp Application Feb 13, 2014 Not Shared
[E] Parks Irrigation Mobile Application Web Map Dec 11, 2013 Everyone
[E] Potential Solar Energy Generation Web Map Jun 10, 2014 Everyone
[E] Pre-Fire Map Web Map Oct 2, 2013 Not Shared
[E] Test Irrigation Map Web Map Jun 6, 2013 Everyone
TestLocationTracking Features Jul 2, 2013 Not Shared
Volunteer Map: Bellevue Lake-to-Lake Bike Ride Web Map Jun 6, 2014 Everyone

In this menu click the “Create Map” button at the top. This will open up a new ArcGIS Online web map

that can be customized. On this map you will see a button that says “Add” click on this button and then
“Add Layer from Web”. This will open a prompt asking you for a URL. The first map we will be creating
is a map that shows the current nationwide rivers inventory so we will add the current NRI data first. If
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you have kept the same structure as the MXD given with this documentation the URL should look like
this:

http://<ArcGIS Server Name>/arcgis/rest/services/<folder where web service is>/NRI/MapServer/0

The 0 at the end is the individual layer originalNRI which is also the first layer in the MXD. If the
layer was moved at all then the number will be different. By going to the NRI web service you can click
on the individual layers and get each unique URL. Once the originalNRI URL is found copy it and paste it
into the “Add Layer from Web” prompt. It should resolve and add the layer to the map. Once this is
done clean up the name so it only says “Original NRI” and configure the pop-up so that it uses the name
of the river segment as the heading. Once this has been done save the map as “Current Nationwide
Rivers Inventory” and then close out and create a new map.

The second web map will have all the new NRI data created using the new methodology. Add all
the new NRI data sets in the same fashion as the current NRI web map. There should be no extra
configuration needed. Save the map as New Nationwide Rivers Inventory once all the data has been
added and make note of the Web Map ID which can be found in the URL bar now.

d=1f9c34c0f91642b4al0397cf34c422eb

cobgis.maps.arcgis.com/home/item.htm

The long set of numbers and letters on the right side of the id=is the web map ID. Copy and paste it
somewhere as it will be needed later. Also before closing this map make sure to click the “Share”
button and share it with your organization.

Once both maps have been created go back to the Current Nationwide Rivers Inventory map
and click the “Share” button. Once shared with the organization the button at the bottom that says
“Make a Web Application” should be selectable, click this button. Once clicked a new menu about what
types of web applications can be made from the various templates ESRI hosts. You are looking for the
“Storytelling Compare” map that is currently on the third page as of writing this guide. Click the publish
button and give it a title like “Comparison between Current and New Nationwide Rivers Inventory” and
click the save and publish button. This will then open the new web application and requires some
configuration. The first thing to do is add a title which should be the same as the title you provided
before (the first title is what it will be called in my content). The second thing to do is to add the second
web map ID to the “Add Web maps” box. Add a comma after the first web map and then add the ID you
saved previously. Once this is done the web map application should only show two boxes, one showing
the original NRI and one showing the new NRI. Once this is done click save and then done. After this
the comparison web app should be complete. Open up the web app from my content and check it out.
If you see both sets of data and the maps move synchronously then everything was done correctly.
Share the URL with whoever would find it useful!

Creating the Public Facing Geocortex Map

The public facing map using Geocortex does not have to be done after the internal map but can
be done once the NRI web service has been created. To create the map, login to the Geocortex
Essentials Manager and follow the “Create New Site” wizard. The URL of the whole map service should
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be used when asked for it (no /Number at the end) and the basemap used should be the ESRI world
topographic map which has a URL of
http://services.arcgisonline.com/ArcGIS/rest/services/World_Topo_Map/MapServer. Once the basic
map is set up go to the “map” section of the site and set the full and initial extent to the following “-
13798891.937356725, 5537888.543215529,-13564077.386464674, 5733567.335625571”. This will
center the map right around Portland, Oregon and areas to the south. This is a good starting spot
because it includes some of Oregon’s biggest cities while limiting the initial load of data. Once this is
done certain site configurations need to be done. What needs to be done is in list form below. Before
doing anything if you have never configured a Geocortex website you must know that every change on
each page must first have the changes applied, and then have the site saved. It is always a two part
process to save and if both parts aren’t done the changes won’t be saved.

1. Go tothe map service added and change the display name to “National Park Service”
2. Go to the originalNRI data layer and do the following
a. Change display name to Current Nationwide Rivers Inventory
b. Have the Feature Label be the token for the river name
c. Have the feature description be the token for the river description
d. Turn on Map tips and turn off visible
3. Go to the newNRlI data layer and do the following
a. Change the display name to “New Nationwide Rivers Inventory”
b. For each sub layer in this group do the following
i. Make sure it is visible and uncheck “Include in Layer List”
ii. Make the Feature Label the token for the River Name

iii. Inthe feature description make sure it says “X / X / X River Segment” where X
represents the ORV the layer displays. For a river segment that has both scenic
and recreation ORVs the first line would say “Scenic / Recreational River
Segment”

iv. Inthe second line of the feature description copy and paste the URL INTO THE
TEXT BOX, NOT INTO THE TEXT EDITOR. This is an important distinction because
if you paste the URL into the text editor it will turn the URL into a bunch of
HTML and the link won’t work.

1. <a
href="https://docs.google.com/forms/d/1iRxC4mkxB4YSJYjNghxEoJ4M
GJSvkehexr3C2F2eQJU/viewform?entry.1035440962={GNIS_NAME}&a
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4.

mp;entry.807961942" target="_blank">Submit Feedback About River
</a>

2. You can see {GNIS_NAME} is the name token for each river segment. If
it’s different for new data for some reason please replace the token.

v. This link will open a Google Form with a few questions for the public to answer
about the river segment and the outstandingly remarkable value. The google
account that all the forms are submitted to is the following

1. Google Account:
2. Password: npsORV2014
3. Name on account: First Name=National Parks Last Name=Service

4. Birthday on account: August 1%, 1982. The day the original NRI was
completed

vi. Lastly make sure “Show Map Tips” is checked
Go to the Fish ORV polygon and do the following configurations
a. Change the feature label to Fish Area: {fish name token}
b. Enable map tips and disable visible
For the Scenic and Recreation Areas polygons do the following configurations
a. Change the feature label to be X Area where X represents the ORV being configured
b. Change the feature description to say the following

i. Shared Outstandingly Remarkable Values:&nbsp;{Recreation} where the token
represents the attribute that shows all the shared ORV data.

Once these configurations have been done go to the viewer menu item and create a new HTML
5 viewer. The following configurations need to be made to the HTML 5 viewer.

a. First the viewer needs to be branded in some way, two things need to happen. The
badge that opens up with the viewer needs to be configured to use the National Parks
Service logo and the banner at the top of the viewer needs to use the National Parks
Service Logo.

b. The viewer needs to have the toolbar completely removed by the toolbar menu item
and clicking the remove toolbar button. This is done because the map is fairly simple
and all necessary commands can be accessed from the “l want to” menu.
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c. The home panel needs to be filled with something useful. It should give a basic
rundown of how to interact with the map and its general purpose. Currently this is what
is in the home panel but at any point can be updated:

7. Welcome to the National Parks Service Nationwide Rivers Inventory Map

i. This map is designed to show you different river segments that have
outstandingly remarkable values. These values can be anything from white river
for aquatic sports to waterfalls to look at! By browsing the map like you would
any other online map you can find different areas which may be great for your
unique need. If you find that a river is represented accurately or is totally wrong
feel free to submit feedback on it by clicking on the segment of river and clicking
the "Submit Feedback" URL.

b. Once these configurations have been made the map should be ready to use. Open it up
using the viewer link and check it out. If all the data loads and you can submit a form for
feedback everything has been configured correctly and the map is ready.

c. Someone from your IT department will probably want to make the URL nicer by giving
the map its own unique domain or using a link shortener.

If both maps have been implemented then all the work has been done and ready for
consumption! Should you have any issues with deployment please feel free to email Neil Shetty at
nshetty@uw.edu.
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