Weighted Site Selection for Green Infrastructure in Portland’s Johnson Creek Watershed
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Background

Stormwater runoff presents both practical and ecological issues in urban areas, in which highly developed, impervious landcover prevents rainwater
from entering the ground in a natural hydrologic cycle. Heavy rainfall leads to polluted runoff, and, due to combined stormwater and sanitary sewer
systems, often results in sewage overflow into nearby water bodies, creating urban water quality issues and damaging ecosystems. The King County
(Seattle) water treatment plant continues to release millions of gallons of untreated combined system sewage into Puget Sound due to damage to the
treatment plant stemming from a recent flood. And despite Portland’s $1.4 billion investment in the Big Pipe project to store and treat combined sewer
system contents, the city still struggles with combined sewer overflows into the Willamette River during heavy rainfall events. In recent years, however,
planning efforts in Portland have aimed to rely less on hard infrastructure and more on natural hydrological systems for stormwater management.
Green infrastructure has been identified as an effective way to ‘break up’ an impervious
landscape, allowing stormwater to filter back into the ground near its place of contact and
encourage the restoration of natural systems.
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In particular, the Johnson Creek Watershed has received much attention as a priority site for
better urban water management. The Johnson Creek Watershed Council released a 2015-
2025 Action Plan which outlines goals to respond to development and climate change, restore
wildlife habitat and water quality, and build community around Johnson Creek. One of the
sections outlines several strategies to improve water quality in Johnson Creek by reducing the
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particular, the plan calls for identifying “portions of the watershed that are high priority for Map authors: Stainback, Huang, and Wyse
private property projects to address stormwater impacts” and reaching out to “commercial, 20 March 2017

private, industrial, church and school property owners to promote voluntary pollution and
stormflow reduction projects.”

A bioswale built to capture and infiltrate
runoff from a commercial surface parking lot.
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Research questions

, =
What are important factors to consider in a site suitability analysis for placement of green infrastructure? , | -
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What are the most suitable sites to pursue for the placement of green infrastructure in Johnson Creek Watershed? D \’L\ \jﬂx STAR NL
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The purpose of this project is to identify locations Johnson Creek Watershed Boundaries - Metro RLIS database
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W|tI‘_\|n the J.ohnson Creek Watershed_ that are suitable Slope - Metro RLIS database SQ/?
for installation of stormwater collecting green - @
infrastructure. This project will continue to further Land use types - Metro RLIS database /?/Ve,.

the City’s objectives as a leader in sustainable urban
development and planning, and meet specific goals
identified by the Johnson Creek Watershed Council’s Hydrologic soil types - USDA/NRCS Web Soil Survey web tool
2015-2025 Action Plan.

Public/private ownerships - Portland Maps and Metro RLIS database

Impervious surface data - Metro RLIS database
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We used a Weighted Overlay site selection method in ArcGIS to identify suitable sites. 3 510.15% TACOMA )+ - -- _ 9 2
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» First, we consulted existing studies to identify common variables used in a GIS site suitability analysis for 2 [ ]aswe ' e e & =) : <[ ] Mult hC t
green infrastructure, and identified the following variables: slope, land use types, public/private ownership, e J R 1 e L S e vithoma ounty
hydrologic soil types, and impervious surface types. B — eI n e T Clackamas County

» Second, we collected the relevant data and reclassified them to a common scale of 1 through 5, .
simultaneously ranking the values of each attribute according to its ideal condition for the placement of N =
green infrastructure. | NS >
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» Next, after the variable layers were all converted into raster layers and ready to perform analysis, we ran the
weighted overlay tool using four different weight models. Model 1 gave equal weight to each variable, Model
2 gave more weight to variables dealing with the natural environment, Model 3 gave more weight to urban
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and human-developed variables, and a Final Model eliminated the Impervious Surface Type variable and _ _ _
instead constrained the site selection to parking lots only. Reclassified Hyd r0|09|C Soil GFOUP //@ ~.COMPTON
» Finally, we used the Majority Filter Tool to simplify the resulting raster and identify more unified areas. Rank // Soil Type o 5 A\ \
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The summary figure and table identifies each variable used in this analysis, its ideal conditions for green 9 N [ 4 |
infrastructure, the flow of data processing, and the respective weights given to each variable in a series of - [ I | Ml S
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Results and discussion
Reclassify Reclassify -
We initially performed the analysis for all parcels within the Johnson Creek Watershed with the expectation CO“C'USIOI‘\
that the weighted site selection tool would identify and rank the privately-owned parking lots, which we
prioritized for this study due to their potential to best meet the Johnson Creek Watershed Council’s needs. With projected population growth in the greater Portland region, urban infill and development will likely
Reclassified Land Use However, the results identified all parking lots as highly suitable, while any other land use types were given a increase within the Johnson Creek Watershed and lead to a higher ratio of impervious landcover and higher
Weighted Overlay Rank // Land Use lower result class. We then limited our analysis extent to only include the parking lots, and gave the remaining risks of flooding and water quality issues. Implementing a system of green infrastructure for stormwater
— o . . o oy e . . . ) :
5 = o fOl..Ir Crlterla equal V.VGIghtS Of 256. Althoug.h the I’eSl.Ilt Stl” IdentlfleS mOS.t Of the areas COﬂSIdel’ed -aS hl.ghly management IS a Sustalnable and effectlve approach to manage these Current and future Cha”engesl
;'- e suitable, the result included a more clear filtered rank among all the parking lots. Thus, we determined it as a
: % better result than the other weighted methods. While there were limitations to our study including time constraints and lack of certain data (notably, an
P We then consulted the Johnson Creek Watershed Council’s 2015-2025 Action Plan. The Action Plan identifies existing green infrastructure inventory, and a complete spatial database of the sewer network within the
Majority Filter areas that drain into the surface streams (rather than areas that drain into the sewer system) as high priority watershed), our analysis provides a starting point for the Johnson Creek Watershed Council to use for further
for water quality mitigation measures. Thus, comparing the results of our analysis with the Council’s boundary inquiry. An important next step should include site visits to the priority areas identified, to verify the results
identifying areas that drain directly into surface streams, we were able to identify several key areas that are and gain a better understanding of each site’s context.
the most suitable for the placement of green infrastructure (see map above).
Suitable Sites These priority areas lie along 82nd Ave. on the border between Multnhomah and Clackamas Counties (1),
a cluster located along Foster Blvd. between I-205 and 122nd Ave. (2), and a cluster oriented around the
intersection of Powell Blvd. and 182nd Ave (3). Initial verifications using Google Earth Pro were used to Sources
- Model 2 Model 3 _ confirm the suitability of these sites. These are all highly impervious clusters of commercial parking lots that Bhandaram, U,, 2014, GIS and green infrastructure: case study in the Alley Creek Watershed and Sewershed, Queens, New York: Master in Environmental Science Thesis, Yale School of
_ Ideal conditions Original Final data Rar!ge of Model 1  (Natural (Urban Final _model: _ _ fall within the boundary of areas that drain to the surface waters of the Johnson Creek Watershed. A fourth Forestry and Environmental Studies, New Haven, 33 p.
Variable - 1{e]§ green data type type aSS|gned Weight Context) Context) Parklng -|Ot RECIBSSIﬁEd ImperV|0US Surface Types potential site along Powell Blvd. and Main Ave. was identified, but not included in the analysis due to the City of Portland Bureau of Environmental Services, Johnson Creek Watershed History, accessed March 2017 at https://www.portlandoregon.gov/bes/article/214282
infrastructure values iaht iaht constraint Rank [/ Surface Type presence of East Gresham Park, which may provide a natural buffer between the impervious areas identified Johnson Creek Watershed Council, 2015 to 2025 Action Plan, accessed January 2017 at http://jcwc.org/action-plan/
S . . Welg Welg s - Parkingmsyp and Johnson Creek. However, further analysis must be performed to confirm whether or not the park is Kwalk, VY., 2016, GIS-based suitability analysis and planning of green infrastructure: a case of the PPCOD, Capitol Hill: Master of Landscape Architecture Thesis, University of Washington,
Slope 2-5% Continuous | Categorical 5:4,3,2] 20% 35% 15% 25% « [ sviangs equipped with the infrastructure necessary to absorb runoff from impervious areas nearby. Seattle, 82 p.
Raster Raster 3 |:| Streets ] ] o ] ] Mapes, L. V. (2017, March 2). As sewage still spills, no timelilne for fix to treatment plant’s Katrina-scale damage. Retrieved March 20, 2017, from Seattle Times: http:/www.seattletimes.com/
Hydrologic Soil | Well-drained Vector Categorical 54,2, 20% 35% 15% 2504 1 [ Notimpervious Th_ere were also some potentlal sites that_were r_nlssmg frorr_l our analysis due to mcomplfate data (the USDA seattle-news/environment/as-sewage-still-spills-no-timeline-for-fix-to-treatment-plants-katrina-scale-damage/
Type Polygons Raster soils dataset does not include a hydrological soil classification for areas that are categorized as 100% urban; Marney, R., 2012, Creation of a GIS-based model for determining the suitability of implementing green infrastructure: in the town of Berlin Maryland: Master of Community and Regional
Ownership JCWC Goal to focus |Vector Categorical 5,1 20% 10% -y 550 therefore the final weighted overlay tool did not include these sites in the analysis). Among these was the Planning Thesis, University of Nebraska, Lincoln, 95 p.
. o o ° - - - - - - - - - -
on Private land Polygons Raster 0 MCL(_)UghIm Industrial Park. .Whlle this _area IS n.Ot mCIUde(_j In OUI‘. results, Its prOX|rn_|ty to both Johnson Creek Slovic, B. (2011, November 25). Portland’s $1.4 billion Big Pipe project comes to an end after 20 years. Retrieved March 20, 2017, from The Oregonian: http://www.oregonlive.com/portland/
Land Use JCWC Goal to focus |Vector Categorical 5,4,3,2,1 and its confluence at the Willamette River merits further inspection for opportunities to manage runoff index.ssf/2011/11/portlands_14_billion_big. pipe.html
on Commercial & Polygons Raster 20% 10% 20% 25% through green infrastructure approaches.
Industrial Land GEO 592 - GIS I
Impervious Parking Lots Vector Categorical 5,4,3,1 20% 10% 259 .
Surface Type Polygons Raster ? ? ? Winter 2017 Ort a I I tate
Total: 100% 100% 100% 100%
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