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ABSTRACT

Streamside protection ordinances have been established in many urbanizing areas;
however, there has beepaucityof assessmesidf the effectiveness of such ordinancés.
guantitative assessment of the ecological impairments in an uvearsystem can provide a
key component in a basstale management plaf study was conducted in the Blue River
Basin, Kansas and Missouri, to determine the effectiveness of streamside ordinances and
assess the temporal and spatial changes ieciblegical health of the rivegtudy objectives
included the determination of the vegetation change within ordinance protected and non
ordinance protected areas within the study area, and a spatial and temporal assessment of
ecological impairment throughe development of a quantitative indethe Ecological
Index of Urban Stream Health (EUISH).

SPOT imagery was used to classify landscape changes over time (1992 through
2012), across multiple jurisdictions, andaead postordinance implementation
periads. The GISbased EIUSH included eight spatial data layers representing five
environmental categories including physical habitat, hydrology, water quality, land use/land
cover, and aquatic communities.

Results of the@verall effectiveness of streamsidedorance protection indicatdree
cover declined 12.5%, grass cover declined 9.7%, and developed land increased 22.9%

during the 26year analysis periodTheseresultsindicatethat streamside ordinancal®ng



the Blue Rivemeed modificationg orderto be more effective dimiting land useandland
cover change.

ThemeanEIUSH score was about 45-{@0 scalgandranged fron25 to 82. Index
scores differed substantially by river reactd with time with the lowest scores determined
for the lower parbf the basin and a major tributary, Indian Creek, and the highest scores
determined for the upstream part of the ba3iemporal updates of EIUSH scores indicated
thegreatestndex declinevas in the upper Blue Riv@rthe area of highest ecological
integrity in the basin.The index can be used to spatially target and maintain the riparian
areas of highest ecological integrity. Alternatively, the index can be used to spatially identify
areas of highest ecological impairment, and the likely caugbg ahpairment, so that the

conditions can be addressed.
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CHAPTER 1
INTRODUCTION
Background

Historically, waterways were considered a commarea, owned by nom@&dused by
all. Ward (1997) considered the history of the water commons and the value that was placed on
the preservation of these areas. He emphasized that since theayateere a limited and
important resource serving the gamidnany, users would have been extra careful to protect
and cheristthem Themoderndistribution of potable water resources has resulted in the
alienation of humans from their water sources (Ward, 1997). In advanced or developed
countries, water is proded to its users by being processed and piped into individual
residences. Ward997)described the disconnection from the commioesausén developed
countries, most people dmt have to go out and collect their water, or worry about its quality,
or alack of supply, and, as such, they feel less concerned about its protection. This perception
has changed as a result of the shift from a rural towards an-cebgered society. In 1860,
less than 20% of the total population of the United States livetbam areas (Gibsaa Jung,
2005), whereas in 2010, the urban population represented over 80% of the total population
(USCB,2010). The increase in urbanized areas and corresponding loss of natural conditions
has produced environmental impairment that continues to worsen in older urban areas with
aging and failing infrastructure. Additionally, urban areas commonly have beenststdbli
near or alongside rivers to satisfy transportation and water resource needs, which has resulted
in increased anthropogenic impacts on urban rivers. The most common causepahton

sourcepollution in the United Statewaterwaysdnclude agricultureas well asurban



developmenimpairment® hydrologic modifications, habitat modifications, an urban runoff
(USEPA, 2005).

The importance of waterways has changétl timein the United States. The
economy ha shifted from an agriculturddased economiyn the 1700s and 1800s that required
a water source in proximity to residences for human and animal consumption, to an industrial
economy that used waterways for transportation purpdsdssiduak largelyareseparated
from a direct dependency on waterysin our modern economy, buten today, the full
benefits of a river system are immeasurable to society (Karr, 189€3e benefits frequently
go unnoticed by individuals until the resources are limited or unfit for use. This is a result of
competition for resources as clearly a struggle exists between the societal desire for stream and
environmental protection, and the economics and opportunity costs of that protection when it
conflicts withdevelopment (Cropp&t Oates, 1992).

River management s complex process with the various components provided under
the jurisdiction of entities at a variety of scales, political boundaries, and levels of oversight or
authority. The protections needed to ensure the ecological health of a river systemost
effective when theyniclude the whole system, from headwaters to the mouth of the river, and
management is a relative scale issue, starting at the watershed (river system) level and going
down to a river reach level issue. Geographic Information Systé®) &Balysis can provide a
means of quantifying the spatial and temporal effects of historical and recent management
outcomes in stream systems across multiple jurisdictions and scales. A need exists fer a basin
wide assessment that conveys the geograjpdichspatial distribution of issues that can utilize
multiple sources of data and indicators of stresistem health. A systemide or largescale

assessment is particularly important in river systems in urban areas because of the array of

2



stressorsThese stressonsiclude both point and nopoint sources of pollution, highly varied
land use changes that generally hessin alteredvegetationandextensive physical alteration

of the stream channel and riparian corridor. Such an effort can identiy amérank areas
that are least disturbed (most natutalinost disturbedhusshowing hotspots and areas of
concern. Spatit-weighted indexes are a good solution that have been used as a means of
assessing a number of variables of ecological integfitiver systems, including biological

and water quality factors (Karr, 199Reif, 2002 Vander Laar& Hawkins, 2014) and
addressing the leading sources of wageality impairment.

Urbanized areas have high levels of impermeable surfaces thahknmifiltration of
rainwater into the sqiklter the quantity and timing of runp#nd restrict contributions to the
underlying water table. One factor limiting the effectivenesscosystem services provided
by the riparian zone occurs when citiesetpe rainfall runoff directly to the river, bypassing
the riparian buffer system. A second limiting factor in the effectiveness of the riparian zone is
human alteration of the natural vegetation, the loss of which can reduce the ability of these
areas tdilter and retain pollutants. Despite the proven benefégetation losses and
degradation of riparian areas continue (Meyd?aul, 2001; Jones et,a2010) with
alterations in natural land cover and the development of urban(&rgase 1.1) The ug and
preservation of riparian areas is presented as a best management practices in managing non
point source pollutants in runoff (USEPA, 201%ihe EPA also presents proposed model
aquatic ordinances for administrative areas to adopt as their best maenageactices
(USEPA, 2016). The model guidance includes varying buffer widths that are dependent on the

drainage basin acreage, the slope of the river banks, and various factors that administrative



jurisdictions have to consider. These proposed ordisaaeedesigned as a starting point for

the jurisdictions to take and adop

Natural Riparian Zone

A gy b
N Amm g -
BE== Imm .'F

il | Tl

Urban Riparian Zone

Figure 1.1 Schematic showing aaturalriparianzone andan ubanriparianzone

The unaltered drainage areas of rivers, streams, and lakes generally act as natural
filtration systems removing silt and chemical pollutants. Primary filtration takes place within
the riparian areasr stream buffergstrips of streamside vegetation used in conservation

practices) Secondary filtration takes place in the channel banks and suasailater travels
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to the outflow point by interflow. Riparian areas in urbanizing settings have been shown to
experience vegetation loss and degradation as a result of transportation needs (Booth et al
2004), flood management efforts (ArnddGibbons,1996), efforts to increase efficiency in
runoff (Groffman et aJ 2003; Bettez & Groffman, 2012he effects ofincreased overland
flow (Booth & Jackson, 1997; Walsh et,&005b), and sediment and pollutants from
alterations in the surroundidgndscape (HatFletcher, Walsh, & Taylo2004).

Riparian areaare difficult to protect and regulate because they are frequently located
in relatively flat landscapes that are desirable for development wlitressity of land covers
and features withi ther lateral and longitudinal extents. One measure put in place to protect
riparian areas in urban areas is the passage of stregmsieetionordinanceghereatfter
referred to as streamside ordinancesi little information is available as to te#ectiveness
of these voluntary measures to protect land cover from human alterations. Rivers cross
jurisdictional boundaries and this can lead to varying protection of the adjacent riparian areas
as a result of inconsistent levels of implementationregstside ordinances, or a lack of
implementation in some jurisdictions. Water that arrives already impaired into a protected
area is afforded little opportunity for remediation. Streamside ordinances can help to prevent
the degradation of water qualityutthey havdittle effect if the water is already impairad,
the area is already heavily impacted by developnaerif protected areas are below thresholds
in size needed to improve water quality

Streamside ordinances have been designed and impbsdressross the United States at
municipallevels as a method of protecting riparian areas and the connected water body.
Ordinances arkaws that aremplemented at local levels to govern matters not addressed at the

state or federal levelimited researclthas been conducted to determine the effectiveness of the

5



streamside ordinances, and, more specifically, how effective urban streamside ordinances are
at protecting urbanized riparian areas following the ordinance implementation. Yeakley
Ozawa,andHook (200§ and OzawandYeakley (2007) are two of the few studies addressing
the performance of streamside ordinances. The consideration of theleatd obverchange
prior to the ordinance implementation and after the ordinances were implemented legsnot b
fully addressed andontinuego bea shortcoming in this area of research.

The implementation of streamside ordinances alone migsovide protection of
riparian vegetation without effective oversight (USEPA, 2002). To assess the effectivfeness o
streamside ordinances on maintaining riparian vegetation duringy@a2@eriod, a study was
undertaken in an urbanized basin within the Kansas City Metropolitan area. Streamside
vegetation iutone of several controlling factors in the ecologicagnity of stream systems.
A second objective of this study was to conduct an assessment of the ecological integrity of an
urbanized stream system that could aid in a holistic approach to the management of riparian
and stream systems within this urban area

Research Objectives

The primary objectives of this study included:
1. To determine the effectiveness of streamside ordinances at protecting riparian vegetation
along the urban stream systgme- and postrdinance periodaere comparetbr potential
land cover changes. Specific objectives included:

a) Analyze the riparian areas for temporal and spatial-liesedchanges within the

study corridor
b) Analyze the riparian buffer vegetation for temporal and compositional changes

per munidpality.
C) Determine the rate of change of riparian larsg over time.



2. Develop a spatial assessmehthe ecological health of an urban river systaat
includedquantifying multiple ecological components to describe spatial and temporal
characteristics of the health of the river system. Specific objectives included:

a) Compile existing ecological data to determine and demonstrate an effective
means of assessiagd displaying the major components that contribute to the
ecological integrity of the river system.

b) Develop a weighted ecological index based on major stsyaitem
components to produce an assessment of the overall health of the river system.
This index will be developed for a period coinciding with the ordinance
assessment period (version [), and the index will be developed for a second
period in time using available updateata(version II)

The assessment of ecological impairments and the detdromrof the health of an

urban river system can provide a starting point and key compohédatision making

processes (gure 12) within a possible basin management plan. Study objetiiveludes

the determination of the vegetation change withinnangce protected and namdinance
protected areas within the study area with consideration of the time frames before and after
streamside ordinances were implemented. The maintenance of natural riparian vegetation

directly or indirectly affects the ovetacological assessmenttbie study area as determined

in objective2.



Ecological index of
Urban Stream Health
(EIUSH)

Management decision
making

Assess riparian vegetation
protection by evaluating
change in vegetation before
and after streamside
ordinance implementation

Figure 1.2 Project Flowchart showing potential use of study components in a basin
management plan.

Study Area

The study area consistof a portion of the Blue River Basind3 kn¥) located within
theKansas City metropolitan areaigbre 13). The Blue River Basin covers parts of two states
(Missouri and Kansasfjive countiesjncludingJohnson, Miami, and Wyandotte Counties in
KansasandJackson, and Cass Counties in Missouri; and 22 municipalities Avfidrica
Regional Council, 2017). The geographic scope of the stadjimited to the @art of the Blue
River main stem that is located within Jackson County, Missouri, and Johnson CounsgsKa
The Blue River headwaters are in Johnson County, Kansas, and the river fleergeiamiles

in Kansas in a primarily northeastern direction before entering Jackson County, Missouri,



where it continues for another 35 miles before reacthiagonfluence with the Missouri River
(Figure 13; MDC, 2016).

The use of the Kansas City metropolitan area etfére opportunity to include an
urbanized setting with diverse socioeconomic makang a multjurisdictional setting along
a river system represeng similar ecological and environmental conditions. The Kansas City
metropolitan area has more freeway miles per car than any other city in the United States
(Vault.sierraclub.org, 1998). Lorigrm population trends in Kansas City, Missouri, and
Overlard Park, Kansas, {§ure 14) indicate that Kansas City experienced the greatest
population growth between 1860 and 1970, with a decline in population between 1970 until the
late 1980s, followed by a secondary increase in population from 1990 to 2010 ¢dsasC
Bureau,2010). The city of Overland Park has experienced steady population increases from
1960 through the latest census in 2010. The rate of population growth has been much greater
over the last 50 years in the later developing suburb of Overkatkg Ransas, compared to
Kansas City, Missouri, and Kansas City has had only minor changes in its population over the

last50 years (Gibson, 1998; Gibs&nJung, 2005).
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Figure 14. Population trends of the city of Kansas City, Missouri, and city of Overland Park,
Kansas, 1862015 (Source:Gibson& Jung2005; U. S. Census Bureau, 2p15

The land within the Blue River Basin was developed eadnidfissouri thann Kansas
becaus®f the earlier population growth in tlogy of Kansas City compared to that of the
outlying suburbs including Overland PaKansas (Figure 1.3jigure 1.4. Additionally, the
downstream portion of the Blue River in Missouri historically plagéarge role in recreation
and entertaiment in the Kansas City aredad#étre 15). The riverfront of the Blue River also
provided economic benefits in jobs and income for the working class tbaatst angrovide

services to the elite during the summ@&shirmer& McKinzie, 1982).
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Figure 15. Historical setting of the lower Blue River, @1SourceKansas City Public
Library, 1912

Despite the later formation and development, the city of Overland Park, Kansas,
implemented streamside ordinange®r to the city of Kansas City. The city of Overland Park
implemented ordinances in 2003 (City of Overland Park, 2002) and Kansas City, Missouri,
implemented streamside ordinances in 2008 (City of Kansas City, 2008). The temporal scope
of the analysis fostreamside ordinances in this study (199012) includes preand post
streamside ordinance implementation periods within the Blue River riparian corridor in order
to determine the effects of the ordinanoadand use An Ecological Index of Urban &am

Health (EIUSH) was developed for a period coinciding with the ordinance evaluation period
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(data primarily from or near 2006) and then reassessed and available data layers were updated

for a later period (through 2016).
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CHAPTER?2
LITERATURE REVIEW
Riparian Areas

A major component of the ecological integrity of urban stream systems is the riparian
area. The following discussion will focus on the definitions of the riparian area, the many
functionsand servicesf these areas, and the use of vegatdbuffers in place of intact
riparian areas in disturbed areas.

Definition

There are many definitions of the riparian area depending on agency, management
goals, and geographic setting (Vebwlloff, & Manning, 2004). Given the many definitions
and thathe boundaries and extents of riparian areas are difficult to dafimegh time
(Naiman& Decamps, 199 Ferreirg Aguiar, & Nogueira 2005) it also is hard to create
legislation that fully protects these areas. At the simplest, lepatian areas are defined as a
protection zone that serves to buffer the adjacent waterbody from, for example, nutrients and
sedi ment during the runoff process. Riparian
interaction between terrestrial and aguac e ¢ o(Grggsry dvansan, McKee, &

Cummins 1991). More formally, the following definition of riparian areas is presented by
Lowrance Leonard,andSheridan1985)

Afa complex assemblage of plants atwd ot her
water. Without definitive boundaries, it may include stream banks, floodplain, and wetlands, as
well as subrrigated sites forming a transitional zone between upland and aquatic habitat.
Mainly linear in shape and extent, they are characterized gllgtibowing water that rises

and fallsatleast nce wi thin a growing seasono.
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Ecosystem Functions and Services
Riparian areas provide many ecological functions includingrsgas a natural filtes
of runoff Johnstor& Naiman, 1990Li et al, 2014 andnonpoint sources of pollution
(Lowrance et aJ 1985),controllingrunoff and floodhg (TurnerGillespie Smith, & Bates
2003; Mitsch, 1992), providg shade and temperature control (Mitchell, 1999; Mpore
Spittlehouse, &5tory, 2005), angrovidinghabitat forwildlife (National Research Coungil
1995; Lowrance et al., 1985).
The riparian corridor provides ecologic@rviceghatproducevalue for humansand
the corridor improves the ecological functioninghe surrounding stream ecosystenneT
type and magnitude of the ecological functions can vary in relation to the vegetation
composition and areal exteM/énger, 1999 Riparian areas can exist in a remnant or natural
unaltered state, in various levels of altered states, or as manmadestaned riparian
systems. The vegetation composition can vary between forested, herbaceous, shyob cover
any combination of the three vegetation typgéids6on& Berggren 200Q. Additionally, the
vegetation can be made up of invasive, introducedonative species, which also contribute
to the overall health of the riparian area and will relate to its effectiveness as a riparian buffer.
Riparian zones can proviégeosystenservicedor humans as a result of the benefits of
flood protection, chemical runoff uptake, and associated improvements to water quality, and by
providing recreation, shade, and green space in urbanized areas. The variation of the riparian
zone can alter the was and degree of values provided for humans. A mature, densely
forested, riparian zone can uptake more water and chemical runoff than can be taken up by
younger forests, sparsely treed forests, shrubs, or grasslands (Lo&r8heeidan, 2005)

Shade berfés would be greatest from more densely forested riparian zones compared to those
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with sparse cover, whereas the recreational use of green space likely would be greater in a
grassy riparian zone (Center for Environmental Policy, 2000). A riparian argaiset
primarily of shrubs and vines would impede runoff, reduce flash flooding and trap sediments
and pollutants better than a grassy riparian zone, but not as well as a forested zone.

In a natural or remnant state, the riparian area enhances the stream ecosystem by
providing continuous linederrestrialhabitat for wildlife,andthe riparian vegetation also
stabilizes stream banks and limits erosion and transport of sediment intatémbadly. The
intact riparian vegetation corridor also can improve the stream ecosystem by provgding
matter for ecological productionanopy protectiorand reducing the fluctuation in water
temperature and light levels, which also can help ptealgae blooms (Meye&& Paul, 2001).
The remnant riparian zone also can supponbre diverse wildlife and ensure a healthier
ecosystem than a modified riparian zone that has exotic species overtakiagpitiat. Severe
weather such as droughts or hepeyiods of rainfall will likely be tolerated more by the native
species compared to the exotic species as a result of climatic adaptation, whicheswaltiid
a healthier riparian zon@cDowell et al., 2008)

Riparian Vegetation Buffers

In urban and agricultural systems across the United States, the natural riparian
vegetation generally is removed or modified leaving designated narrow strips of vegetation
adjacent to the waterbody. These vegetation strips are designed to maintairvebofe le
stream protection and beneficial ecological functions,stitichllow for the maximization of
the desired land use modifications. These vegetationdttgyased buffer strips, greenways,

conservation buffers, windbreaks, filter strips, and streger@dinance zonésprovide
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benefits including protection of water quality, terrestrial and aquatic habitat, erosion protection,
aesthetics, anccreational uses igfure 2.1)(Bentrup, 2008

Structural characteristics of a buffer such as size and shdgbevegetation type
largely determine how well a buffer is capable of functioning at a given location. Planners can
manipulate these variables to achieve the desired objectives (Bentrup, 2008), although in most
cases the primary design factor is theféuividth, either a static or variable widttased o

stream size or drainage area.
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Issue and Objectives Buffer Functions

Reduce erosion and runoff of Slow water runoff and enhance infiltration
Sﬁ:’lrﬂ:;'llt. ":m‘:“g- and other Trap pollutants in surface runoff

poten poliutan Trap pollutants in subsurface flow
Remove pollutants from water Stabilize soil

runoff and wind Reduce bank erosion

Increase habitat area
Enhance terrestrial habitat Protect sensitive habitats
Restore connectivity
Increase access to resources
Shade stream to maintain temperature

Enhance aquatic habitat

Reduce water runoff energy
Reduce soil erosion Reduce wind energy

Increase soil productivity Stabilize soil
Improve soil quality

Remove soil pollutants

Produce marketable products

Provide income sources Reduce energy consumption
Increase economic diversity Increase property values
Increase economic value Provide alternative energy sources

Provide ecosystem services

Protect from wind or snow Reduce wind energy

Modify microclimate

Enhance habitat for predators of pests
Reduce flood water levels and erosion
Create a safe enviromeant Reduce hazards

Increase biological control of pests
Protect from flood waters

Enhance visual interest
Screen undesirable views
Control noise levels Screen undesirable noise
Control air pollutants and odor Filter air pollutants and ocdors
Separate human activities

Enhance visual quality

Increase natural area

Promote nature-based Protect natural areas

recreation Protect soil and plant resources
UB? buffers as recreational Provide a corridor for movement
trails

Enhance recreational experience

(Source: Bentrup, 2008)

Figure 2.1 Functions of vegetation buffers related iesues and objectives of buffer
development.
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Ecological Effects of Urbanization

As of 2001, over 75% of the United States population lived in urban areas (&leyer
Paul, 2001). Urban expansion in the United States is expected to continue over the next 25
years with a projected increase of 79%, raising the portion of the total lanthabise
developed from 5.2 to 9.2%. The expected growth is projected to affect areas that are already
stressed from anthropogenic impacts, including river systems, wildlife habitat, sensitive
watersheds, and riparian aréa$ig, Kline, & Lichtenstein 2004).

Urbanization has been linked to the impairment of river systems as noted in the term,
Aurban stream synd Paumeddaulbee2005) ehich describbsehe e r
ecological degradation of urban streatgbanization affects the physicahemical, and
biological characteristics of streams and understanding these effects is important for managing
aquatic resources. The effects of urbanization on strearnes wédely, depending on the
geographic area studied, the initial ecosystem comgitiand stage of urbanizatioResults of
an investigation of the effects of urbanization on stream ecosystems (USGS, 2014) found that
no single environmental factor was universally important in explaining why the health of
streams decline as levels oban development increase. Urbanization results in a number of
alterations in the land covessociated ecological processasl biological communities in
the affected areas as discussed in the following sections.

Aquatic/Biological Communities

Increasindevels of urban land use have been connected to a decrease in water quality
and a decrease in sensitive aquatic biological comreafieyer& Paul, 2001; Rileyt al,
2005). In a study of multiple urban areas throughout the United States, USG S)(&find

that biological communities wegsensitive to even low levels¥oin some cases) of urban
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development, asessitive species were affectedeven relatively undisturbed watersheds.

Even with moderate to high levels of urban development, howénebidlogical community

was not degraded to the point that it only included the most tolerant species, and they
hypothesize that stream restoration efforts could still have a positive rehabilitating effect on the
biological community despite high levelsaévelopment.

Wilkison, Armstrong,andHampton(2009 found a statistically significant relation
between aquatitife metric scores and percent urbanizafiatefined as the roadway surface
area plus the commercial, industrial, and residential landl asédtes in the Blue River Basin.
The results indicated that aguatic community health and diversity declined as the percent of
urbanization increased in the basin.

Hydrology

The effects of urbanization on stream hydrology have been shown to include an
increa® in peak flows (Leopold, 196Ro0se& Peters 2001) and an increase in the rate of
change in flow (HirschWalker,Day, & Kallio, 199Q Poff et al, 1997;Arnold & Gibbons,
1996;Rose& Peters2001) as a result of greater impervious aféee focus ofvatershed
management in urbanized systems generally has been on flood protection fiéatster &
Ladson 200%) includingmore effective flood abatement designs in streams, channelization,
and large networks of storm drains through the city. A decieageundwater recharge
(Barringer et al] 1994 Rose& Peters 2001) also has been found to be related to urbanization
as a result of the increase in impervious surfaces (Réssers 2001), loss of tree cover
(Hough, 1995), and corresponding incremseirect runoff and reduced infiltratiorRoy et al
(2006) found that the influence of hydrologic alteration had a greater effect on the richness and

abundance of fish assemblages in an urban catchment thanttmatiparian forests. They
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state that @onsistency in flow regime in streams is necessary to maintain species richness as
alterations to the natural flow regime can cause biological populations to decline and change
because they do not have time to adapt to the new habitat.
Land Use

Urbanization can result in the degradation of urban riparian areas and a substantial
change in riparian vegetation compositi@u ton& Samuelson, 200Atkinson Hunter, &
English 2010). Roy et al (2006) expressed concern over the lack of knowledge and
understanding of the functionality of riparian forests within urban systems, as such, presenting
concermthathappl ying riparian buffers as mhnagemen:
performance could | ead to i rmcevérinerbanareashapr ot e ct
been shown to increase the rate of runoff (Hough, 1995). Resdsottas shown that higher
Index ofBiotic Integrity is associated with greater riparian forest cover (M&yeaul,
2001). Riparian deforestatioalsohas beershown to cause a reduction in food availability
within the stream corridor, an increase in stream temperature, and as a result of the increased
runoff hasled to alteration of sediment and nutrient and toxin uptake (M&yeaul, 2001).
Land use and lancbver upstream of sampled sites were determined to be highly correlated
with the quality of sampled aquatic macroinvertebrate communities in the Blue River Basin in
Kansas and MissourR@ssmusserLee,& Ziegler, 2008;Wilkison et al, 2009; Poulton
GrahamRasmusser& Stone 2015).
Physical Habitat

Stream habitats can be severely degraded in areas of urban development resulting from
vegetation loss and associated erosion and altered sediment transport, stream channelization, or

other maAamade channel alterationslrban development affects stream fgfdgy and
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hydraulics; sediment input, transport, and deposition; and can thereby alter channel form,
aquatic habitat, and the aquatic organisms (Gafécintosh 1986; Yodet& Rankin 199%;
Kennen 1999; Meyer& Paul 2001;Akay, Sivrikaya, & Gulcj2013. The effects of
channelization or increased magnitude of streamflows associated with urbanization often
results in incised stream channels or an increase in the stieamel crossectional arealhe
available sediment for erosion and transport masease due to clearing of vegetation and
construction. Channel and flogudlain processes of sediment erosion, transport, and deposition
also may change as a result of alterations in streamflow (Wanfehick 1967; Graf 1975;
Gregory Davis,& Downs 199). Channel alteration and loss of riparian vegetation accounted
for almost twethirds of the difference in stream physical habitat assessment scores that were
determined at sites along the Blue River (Wilkison t28l09) in Missouri and Kansas. The
magnitude of responses to alterations depends on natural environmental factors, including
characteristics of remaining riparian vegetation, geology, and $bi#ssediment transport and
channel response in altered urban systems may take many decaddze @atkenbine
Atwater, & Mavinig 2000; Henshaw Booth 2000; Bledso& Watson 2001).
Water Quality

Concentration®f contaminants including nutrients, chloride, pesticides, and-fecal
indicator bacteria (FIB), which includ&scherichia col(E. coli), have been shown to increase
with urban development and originate from both point andpwnt sourcesFive reaches of
the Blue River in Missouri are listed in the State 303d list of impaired waters as the result of
elevatecE. colilevels (MODNR,2018). Lee Mau, and Rasmuss¢2005) and Rasmusssen et
al (2008 studied the relation between the occurrence of selected contananddegree of

urbanzation in Johnson Catly, Kansas, including sites in the Blue River Basin. Results
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indicated that @ancentrations of these constituents (which included nutrients, suspended
sediment, and FIB) generally were larger in more urban watersheds (including the Blue River
and Indian Creek) than in namban basins.

Waste water treatment plants (WWTPSs) are aasediwith high populated urban areas
and have been shown to haubstantiakeffects m water quality including increases in
dissolved ammonia, (USGS, 1999) total phosphorous (W&nRuthie, 200Q Pope&

Putnam 1997), and fecal coliform bacteria (Pdf@d’utnam 1997). Wilkison et al (2006)
determined that sampling sites in the Blue River Basin downstream from WWTPs had the
largest concentrations of nutrients whereas FIB in the basin primarily were associated with
non-point sources.

In urban areas withubstantial snow fall, the variation in chloride concentrations
throughout the year was particularly strongly related to urban development, likely a result of
road salt applications during the winter. Wilkison et al (2009) determined that chloride
concentations were positively correlated with impervious cover and increased urban density in
the Blue River BasinMissouri and KansasOver 80 percent (%) of chloride samples collected
at Blue River sampling sites in the month of January between 1998 and&007
concentrations greater than the U.S. Environmental Protection Agency national recommended
aquatic life criteria of 230 mg/L for chronic aquatic life effects (USEPA, 2017a). Christensen
and Krempa (2013) determined that chloride concentrations framBilver and adjacent
Little Blue River sample locationa the Kansas City metropolitan aread the highest
correlation with a simple urban intensity index based on percent of impervious cover,

population density, and forest cover in arBbuffer zone.
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Ecological Modeki Urban Ecological Indexes

Ecological health assessmemteone of the key tools in river management and in the
identification of major factors contributing to impaired systems. Quantified assessments of the
ecological integrity of aqui systems can be determined using one or more environmental
indicator factors, or indexes, that serve to simplify and represent multiple and complex
interactiors amongmajor components of system health. Selected metrics included in such an
index shoulde applicable to the type of pollutants and impairments that are present in the
system and represent the appropriate temporal and spatial scales (Boulton, 1999). Early studies
on river health and early indexes focused on water quality metrics (McClelland; Yoder,
1991) due to the ease of monitoriagd water quality indexes are of value in areas in which
water quality represents the primary impa@nt (Cude, 2001; Hallock, 200Rinotti, Finkler,
Susin,& Schneider2015; de Rosemon®uro,& Dubeg 2009; Sanches et.aP006). Other
ecological indexes have focusedamuatic communities incluag fish (Karr, 1981; Karr
FauschAngermeier& Yant, 1986) and macroinvertebrates (Ker&n&arr, 1994; Lang
Reymond, 1995). The focus of other ecolobicdexes has been on physical habita
characteristics (Brooks et a2009; MunnePrat, SolaBonadag& Rieradevall 2003), whereas
some indexes include multiple environmental factors (Ladson et al., 1999; Lee et al., 2011; Lee
& An, 2014 Kim & An, 2015.

A variety of approaches have been used in creating disturbance indices and several
basic decisions are required including which variables should be inchm&dghould the
included variables be weighed, and how should data values be translatedotexascore
Urbanization will affect the ecological integrity of a stream system in several ways as

described in the previous sections. In urban settings, ecological impairmentistgely
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result of chemical pollutants and physical habitat degrad@on & An, 2015) but can

include accompanying alterations in land use, hydrology, and aquatic communities. Water
quality monitoring alone, therefore, may not be sufficient for determining ecological health and
further biological and physical assessmemesneeded. A water quality index, for example,

could be insensitive to a decline in physical habitat structure, land cover changes, or altered
hydrology.

In an urban setting, therefore, the variables to be included in an index should reflect the
common impairments associated with development including physical habitat and channel
reach changes, altered hydrology, altered land use and land cover, poiatss@lnorpoint
sources of contaminants, and the cumulative effects on the biological community of the stream.

Remote Sensing and GIS Applications in Urban River and Riparian Systems

Remote sensing has been used extensively for land use change sturhes iareas.
Studies have been using remlgtsensed imagery since the 0980 detect change in the land
cover type as well as the fragmentation of land cover over space which has been found to be
important to species diversif€ongalton, 1991Tso& Mather, 2001 Campbell& Wynne,

2017). Remotely sensed imagery offenany advantagesompared to field studiescluding
access, reducembsst and consistent updateSuch imagery allows for the analysis of large
areas and for the determination of tempeolanges as a result of land use land cover (LULC)
changes resulting from developmatiisease, and natural disastdise introduction of

Landsat an@&POT satellite systems providasportunities for reasonably priceepetitive
captures ohigh spatial ad spectral resolution satellimagery. The imagery then is processed
and analyzed in remote sensing software packages such as HRBgiSe (Intergraph

Corporation, 2012)Previous studies have classified land use within riparian by{fBerstz,
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2006) inding that the use ofdndsat can behallenging at th80-m. resolution but is doable
with the combination of ancillary datasets to improvedlassificationGuandLiu (2010) also
performed a studgn riparian buffers focusingn using remote sensing and GIS to analgnd
define riparian buffers, also incorporating Landsat imagery.
Adaptive Management and Scenario Planning

Addressing the potential impairment of multiple environmental factors in an urban
setting crossing multie jurisdictions requires a conservation management approach involving
multiple and diverse agencies, information to make decisamusthe flexibility to vary tactics
based on results. One management strategiaptive managementprovides a method for
making informed decisions about strategies, testing the effectiveness of strategies used, and
|l earning and adapting to I mprove strategies.
doingo this approach begins wietchandstiengfit f or t t c
information into models used to predict the effects of alternate policies (Walters, 1997).
Generally applied to complex situations, the adaptive management approach may be applicable
to the Blue River Basin study area considering thdtipie municipal, county, and state
jurisdictions included in the basin and the complexities in attaining the associated economic,
environmental, and social objectives needed to be addressed in the management of this system.

The adaptive management dgenrmaking approach began in the 1970s (Holling,
1978) and differs from traditional approaches in that it addresses uncertainty by using
management as a tool to gain knowledge on which decisions are based (Johnson, 1999).
Monitoring is a critical part oAny adaptive management application to provide knowledge and
define datayaps Learning from existing knowledge and observed or modeled responses is a

critical component of the processrespond to changing conditions and improve management
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success. Tkiapproach provides a unique tool for managemiedifficult multi-layered

problems by bringing diverging interests together to design an approach to the problem with
each group having a vested interest and incorporating knowledge to the problemutaa circ
fashion (Johnson, 1999).

Like adaptive management, scenario planning is another method that can be used for
making management decisions about future outcomes of complex ecological systems
(PetersenCumming,& Carpenter2002). Both methods consideany alternative future
models rather than focus on a single possible outcome. Scenario planning is most useful when
there is a high degree of uncertainty about the managed system and manipulations are difficult.
In such cases, a range of imaginativenac®s are considered that a@ limited to the current

trends or a few limited variables.
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CHAPTERS3
METHODS
To address the objectives of this study, a Geographic Information Systems&Ssl)

analysis approach was used in the development optaducts for the definedwdy area. The
first was a smalscale assessment focused on the riparian vegetatbhULCchange
associated with the establishment of streamside ordinaffeesecond waslolistic, or
broadscale ecological assessment of the Blue River study area. The ecological assessment
utilized a GIS modéhg tool to determine and quantify the spatial and temporal ecological
integrity of the Blue Rivey an Ecological Index of Urban Stream Health (EIUSFyure 3.1
illustrates the components of the study design including the-siowd# (riparian vegetation
and streamside ordinance) and lasgale (EIUSH) assessment$ie methods used in the

determination of these objectiveme described in the following sems.
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Study design

Evaluate
Objective 1 streamside

ordinances

|
Obiective 2 1 EIUSH Category
jective | & ’— —‘

Hydrology Land Use Biology Physical Habitat Water Quality

|
b .

Feature
layers IHA NLCD Macroinvertebrated [Habitatscore TWPE
Channelization E-rali
Chloride

IHA, Indicators of Hydrologic Alteration; NLCD, National Land Cover Database; TWPE, Total weighted pounds
equivalent; E. coliEscherichia coli

Figure 3.1 Study design overview.

Effects of Streamside Ordinances on Riparian Vegetation
Defined Riparian Area
For the purpose of this study, the riparian area limits were defined by multiple digital
data sources reflecting the hydrologic interaction of the river and its floodpkai@mination
of the aralimits was based on a functional approach to riparian area exdeniisyr tothe
functional approach presented in Holmes and Goebel (2011 riparian area perimeter
included the extent of the estimategdrcent annual exceedance probability streamflo®w-(10

year recurrence interval flood) (Heimaneilert, Kelly, & Studley 2014), the hydric soils
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layer (U.S. Department of Agriculture, 2014), arB3iver bank offset, a wetlands layer (U.S.
Fish Wildlife Service, 2014), and the defined city of Kansas €iirgamside buffer zones 13
(City of Kansas City2014). The final area boundary of the multiple composite features was
defined by thdateral extent of the merged data sdtksing ArcGIS version 10.3
(Environmental Systems Research Instit@@l4), he boundary layer was smoothed and
interpolated to remove map feature islands that were smaller tbaumaBe meters Fnin the
select areas for which datasets were incomplete. The resulting riparian buffer areas
corresponding to the streamside ordinamcpiirementswere produced for the study extents

and thevarious administrative areasigbre 3.2).
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Streamside Ordinances

The temporal scope of the study was the/@@rperiod from 19922012 andncluded
a preordinance (1992009) and postrdinance (2002012) period for Kansas City,
Missouri, and a prerdinance (19922002) and posbrdinance (2002012) period for
Overland Park, Kansas. The city of Kansas City, Missouri, passed a streanolidiffance in
2008 and implemented the ordinance on February 14, 2009 (City of Kansas City, Missouri,
2008). The streamside ordinances were written with the purposes of helping to protect life and
property, prevent flooding, preserve water quality, antseove wildlife habitatGity of
Kansas City, 200888-415). The ordinance creatédee buffer protection zonesddées 13).
Zone 1 extends from the edge of the stream to a consistéoo26t), (7.6-m) lateral buffer.
Zone 2 is a middle zone that staat the edge of the streamside zfre Zonel) and extends
landward to include the U.S. Federal Emergency Management Agency or city designated 100
year recurrence interval floodplain. Zone 3 starts at the edge of zone 2 and extends 75 ft, (22.9
m) lardward. If there was no zonespecified then zone 3 started attledge of the streamside
zone (dne 1). The ordinance does not limit any flood control activities. The ordinanc
includeda gfi andf at her cl| auseo0 tahyarevioesksabmitéeded fr om r
development plans or plats, as long as they met the requirements set fordilB(BRD. 1,
88-41502-D.2 and 8841502-D.3 (KCMO, 88415). The regulation in 8815-02-D.1outlines
and calls for city commission approval of the final plat todspiested and approved within
one year of the landowner being notified by the city through certified correspondence, as long
as the plat or plan was approved before January 1, 2003. The regulatioflif@&3D.2
outlines that streamside ordinance regataifor the next phases of the plat will not apply as

long as city commission approval was granted by February 14, 20@%hat the city
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commission approval has been granted by February 14, 2014. The last requirements-are in 88
41502-D.3, which outlineghe exclusion for plats and plans approved after January 1, 2003
and before February 14, 20@%ating thathese permits will be exempt from the streamside
ordinance if the city commission grants final plat approval. The remaining sections on these
exempgions go on to state that as long as the next plat is approved within 3 years of the
previous plat, the exemptions will continue.

The city of Overland Park, Kansas, passed a streamside ordinance in 2002 and
implemented it on October 7, 2002 (City of Oead Park, 2002). Overland Park implemented
a onezone, variablduffer area based on the acreage of the tributary area of the stream. The
maximum buffer zone offset is 120 86.6 m) for drainage areas of 5,000 acres or greater,
which is the category that includes the Blue River in Overland Park. The buffer starts at the
top of bank and extends the specified distance on each side of the stream to create a protection
zone. Tk ordinance restricts the building of permarsnictures buallows for exceptions
when changes made are a result of flood mitigation efforts (City of Overland Park, 2002). The
ordinance also permits agricultural uses, recreational uses, limited gdéames, and
permits tree trimming but restricts vegetation destruction (City of Overland Park, 2002).

The Blue River riparian corridor within the unincorporated area of Johnson County,
Kansas, was not within a designated streamside ordinance zone throughout the study period.
This area provided an additional portion of the Blue River outside of any ocdizane to use
as a control foa nonstreamsid@rdinance condition.

Imagery Processing
The use of the SPOT imagery with ar20resolution provided a better solution than

Landsat(30-m), due to the increase in spatial resolut®ROT images acquired 992, 2003,
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2009, and 2012 (Th@entre National D'études Spatiales, 198203, 20092012) were used in
this study to determine LULChangewithin the riparian zonever the 26year period

(Figures. 3.3, 3.4, 3.5, 3.6). The earliest image (1992) was selected based on availability and
the objective to define a prdinance reference conditiohable 3.1 summarizes the
characteristics of the SPOT Imagefe XS and Xl spectral modes corresptm@0-m pixel

spatial resolutiopand the Jgectral mode corresponds16-m. pixel resolution.
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Table 3.1

Characteristics of SPOT imagery included in the study.

Sensor Orbit Date Spectral mode
SPOT 2 587272 29-Jan92 XS
SPOT 2 587271 29-Jan92 XS
SPOT 4 587271 15-Sep03 Xl
SPOT 5 587271 23-Apr-09 J
SPOT 5 587271 06-Feb12 J

The 1992magery was made up of two scenes that were mosaicked together to form
one scene. The metropolitan area was covered in one scene in 2003, 2009 and 2012 imagery.
ERDAS Imagine 2013 (Intergraph Corporation, 2012) was used {orpcess, classify, and
assess the accuracy of the classificatidhg. 2003 and 2012 SPOT imagery was-ggiified
and the Root Mean Square Error (RMSE) measurement was calculated taiesisitirgas
within the0.5acceptable range of error. The users and producers acelsaaas calculated
for each classified imageryhe imagery from 1992 and 2009 were rectified in a previous
study (MurambadoroXu, & Ji, 2015). The two gecectified SPOT imageslsorequired the

calculation of the RMSE to measure the accuracy of the imagery rectification, and to ensure
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the images were rectified within an acceptable level of effbe2003 georectified SPOT
imagery had a root mean square error (RM&H).36 and the 2012 SPOT imagery resulted in
an RMSE of 0.42The 1992 and 2009 imageapalysesesulted in a RMSE less than 0.5.

The spatial resolution of the 1992 and 2003 imagery was 20 m, and that of the 2009 and
2012 imagery was 10 therefore,mage resampling was conducted on the 2009 and 2012
imagery to obtain a consistent-80resolution for all imagery. Supervised maximum
likelihood classification Tso & Mather, 2001was conducted on the four imadessed on a
modified USGS land cover clafisation system (Andersoidardy,Roach, & Witmey 1976).
The maximum likelihood classification method assigns equal prior probability of a pixel
belonging to a class, and then the pixel was assigned to the class with the highest probability
(Jensen, 2005The images were classified into five lacolver classes, including barren land,
developed land, grasses, trees, and water. Barren land was defined as disturbeelastibare
lands. Developed land included any type of urban development, rogas/ernen The
grasses category also included agricultural lands (pasture, rangeland) or cropland. The trees
classification represented a class that predominately cedtamody vegetation. The water
class included all rivers, lakes, streams, ditches, or manresele/oirs that were large enough
to be represented at the-@0scale. This classification system was used to simiplifyC in a
complex urban landscape while retaining the land cover of primary interest for the study.
Imagery Classification

Theclassified SPOT images were checked for accuracy by assigning 250 randomly
stratified grouneruth points to each classified image and matching thesgsagainst
corresponding higiesolution imagery acquired in or near the year of the SPOT imageey. Th

1992 classification used USG&tional Aerial Photography Program (NAR##Yial
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photograph imagery from 129USGS, 1991 The later classifications used National
Agriculture Imagery PrografNAIP) images {.S. Department of Agriculture, Farm Service
Agency, various which have dm spatial resolution and were available for grotrathing in
2003, 2009, and 2012.
The User 6s and RJersehu2005;rCangpbel & Wymre a2204k)e s
well as the overall accuracy for each classified image assessetable 3.2) The errors of
commission results related to the probability of the pixels on theag@pately placing into
theclassshat was being represented on the ground.
accuracy was calculated on the péxéhat were omitted from that class. The overall accuracy
of the images was calculated to provide the general agreement of the accuracy of the
classification based on the total number of pixels that were correctly classified.
The image classification as@cies were considered satisfactfmythis study, which
identifies the patterns and trends of related land cover changes. The accuracy assessment was
performed on the classified images and ranged from 87.89% to 92.58% overditatass
accuracy (&ble 3.2). The overall accuracy was 88% for the 1992 imagery, 90% for 2003, 92%
for 2009, and 91% for the 2012 i magery. The

90 percentile for the trees and grasses land cover.
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Table 3.2

Assessmentesults of the usé& and producés accuracies of the SPOT imagery.

1992 Accuracy Assessment

2009 Accuracy Assessment

Produ|User § ProducqUser o
Class Name Accuracy | Accuracy| Class Name Accuracy Accuracy
Barren Land 71.40%| 83.33%/| Barren Land 87.50% 82.35%
Grasses 90.91%| 87.91%/| Grasses 92.16% 92.16%
Trees 89.19%| 88.39%]| Trees 96.15% 93.46%
Urban Land 84.62%| 86.84%/| Urban Land 92.00% 94.52%
Water 72.73%| 88.89%| Water 70.00% 87.50%
Overall Classification OverallClassification
Accuracy 87.89% Accuracy 92.58%

2003 Accuracy Assessment

2012 Accuracy Assessment

Produ|User § ProducqUser o
Class Name Accuracy | Accuracy| Class Name Accuracy Accuracy
Barren Land 72.73%| 88.89%]| Barren Land 80.00% 88.89%
Grasses 85.07%| 90.48%/| Grasses 88.00% 93.62%
Trees 93.00%| 90.29%]| Trees 94.68% 93.69%
Urban Land 92.19%| 93.65%/| Urban Land 94.19% 91.11%
Water 100.00%| 77.78%| Water 81.25% 86.66%
Overall Classification Overall Classification
Accuracy 90.23% Accuracy 91.80%

Data Analysis

The riparian boundary file was subdivided by state and municipal boundaries (Mid
America Regional Council, 2010) as well as by ordinance protection areas using ArcGIS
version 10.3Environmental Systems Research Instit@@l4). The Missouri portion of the
study area, entirely within the city of Kansas City, Missouri, was separated into two files. The
first file was clipped to the city of Kansas City stream buffer zones and included botimgre
postordinance periods, and teecond file represented the area that was outside of the stream

buffer zones representing a rordinance protected arga control. The city of Kansas City

42



stream buffer zones file was further divided into three files representing buffer protection zones
1 through 3 and the varying lateral extents of protection. The study area in Kansas was divided
into two separate files including one containing the ordinance protected areas located entirely
within the city of Overland Park, and the other covering tea autside of Overland P&rk
the nonrordinance area referred to asinnorporated Johnson County. The area within
Overland Park was further divided into two filethe area with stream ordinance protection
including both a pr@rdinance and postrdinanceperiod, and th@on-ordinance protected
area.

The city of Overland Park designated the ordinance zone by means of drainage area
and a corresponding buffer protection zone. A streams data layeAfikdica Regional
Council, 2009) was used to select the Blue River and Negro Creek Basins withudthe st
boundary area within Overland Park. These two streams were determined to have stream
tributary areas greater than or equal to 5,000 acres, corresponding to the maximum ordinance
protection of 120 ft(36.6 m) (City of Overland Park, 2002). The elevationtour lines
derived from a Blue River Basin terrain model (Heimann.eR@ll4) were used to delineate
the highwater mark extents. The higiater marks were buffered by the ordinance buffer
width (120 ft 36.6 m) to create the extents of the proweteea. The extents were used to
define the buffered protection layer and the remaining unprotected study areas in Overland
Park. The resulting seven stateinicipatordinance defined study area extents then were
converted to raster files.

The total and mnualized rate of change for each classification category were
determined by municipality, preostordinance periods, and by ordinance zones. The study

extent raster files were used to extract the landars# cover categories for each of the four
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classfied images. The land cover values, extracted by-statacipatordinance boundaries,
provided discrete land cover sampling points corresponding to the year of imagery. The land
cover classes within the study limits were determined for theapiepostordinance periods
defined using the available SPOT images (1992, 2003, 2009, and 2012). The quantitative
changes in the land cover classes were divided by the years between image dates to determine
land cover values pestudy boundary type, per year.
Ecological Index of Urban Stream Health

A general assessment of the ecological health of the Blue River was conducted using a
GlS-based inde& Ecological Index of Urban Stream Health (EIUSH). The development of the
EIUSH included five primary ecological catages associated with the health of aquatic
systems (KarrToth,& Garman 1983), each consisting of one or more spatial data layers. The
ecological categories included biological community, hydrology, land use and land cover,
physical habitat, and wateug]ity. The composite index values were determined from a spatial
and equal numerical weighting of the values from the five defined categories and their
associated layers, as shown in Figure 3.7. The equal weighting across the five categories is a
reasonale starting point, providing equal importance to each of the primary environmental
factors in the stream system, and could be modified in the future based on ressarth

justification.
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Figure 3.7 EIUSH weighted overview.

Sources of Data
Data from five major environmental categories, and eight separate data layers, were
included in the development of EIUSH. Tables 3.3 angh®¥4idethe datasets and sources
that were incorporated into two temporally different EIUSH models of the Blwer Rindy
area. The EIUSH version | included data from 1999 through,20tBversion Il demonstrates
a temporal progression of EIUSH with data from the same data layers used in version | updated

through 2016, where available.



Table 3.3

Table of data setused in the development of the Ecological Index of Urban Stream
Health (EIUSH) version 1.

Dataset Datasource Time Frame |[Model Parameters |Derived Data Derived Data
Macroinvertebrate metrics samples Wilkison et al, 2009; Rasmussen et al, 200fansas 2007 |Biological Raster Layer of Macroinverts
Macroinvertebrate metrics samples Wilkison et al, 2009; Rasmussen et al, 200Bvissouri 2006Biological Raster Layer of Macroinverts
Daily Water Flows USGS, 2017b 1940-2006 _ |Hydrologic Raster Layer of Hydrologic Alteration
Land use and Land Cover of the Study |Fry et al, 2011 2006 Land Use Land CovejRaster Layer of Land Use Land Cover
Physical Habitat Assessment Wilkison et al, 2009 2006 Physical Habitat Raster Layer of Physical Habitat g
Channelization Developed for this study, see methods 2012 Physical Habitat Raster Layer of Channelization Scoresg §
Toxic Weighted Pounds Equivalent U.S. EPA, 2017b 2007-2009 |Water Quality Raster Layer of TWPE %
2
[}
USGS, 2017b, and City of Kansas City, W¢
Chloride Services Dept., written commun., 2017 1999 - 2013 |Water Quality Raster Layer of Chloride
USGS, 2017b, and City of Kansas City, W4
E Coli Services Dept., written commun., 2017 1999 - 2013 |Water Quality Raster Layer of E Coli Levels
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Table 3.4

Table of data sets used in the development of the Ecological Index of Urban Stream Health
(EIUSH) version IL.

Derived Data

Dataset Datasource Time Frame |Model Parameters  |Derived Data
Macroinvertebrate metrics samples ~ |Wilkison et al, 2009; Rasmussen et al, 200Kansas 2007|Biological Raster Layer of Macroinverts
Macroinvertebrate metrics samples ~ [Wilkison et al, 2009; Rasmussen et al, 200Missouri 2004Biological Raster Layer of Macroinverts
Daily Water Flows USGS, 2017b 1940 - 2016 |Hydrologic Raster Layer of Hydrologic Alteration
Land use and Land Cover of the Study|Homer et al, 2015 2011 Land Use Land CovejRaster Layer of Land Use Land Cover
Physical Habitat Assessment Wilkison et al, 2009 2006 Physical Habitat  [Raster Layer of Physical Habitat
Channelization Developed for this study, see methods {2012 Physical Habitat ~ |Raster Layer of Channelization Scoreg
Toxic Weighted Pounds Equivalent  |U.S. EPA, 2017b 2014-2016 |Water Quality Raster Layer of TWPE

USGS, 2017, and City of Kansas City, W4
Chloride Services Dept., written commun., 2017 1999 - 2013 |Water Quality Raster Layer of Chloride

USGS, 2017b, and City of Kansas City, Wa
E Coli Services Dept., written commun., 2017 {1999 - 2013 |Water Quality Raster Layer of E Coli Levels

EIUSH Il Model

Each of the five majoenvironmental categories in EIUSH were represented by data

layers selected based on the spatial and temporal availability paddtthe applicability to

represent that environmental component in an urban environment. A description of specific

datasets whin each category is provided in the following sections.

Spatial Depiction of Data Layers

With the exception of the NLCD layer, the digital data layers within EIUSH are

depicted as polygonwith the downstream extent of the polygon determined byaimpkng

location and the upstream extenitthe polygorcorresponddto the next upstream sampling

location. The resolution of the NLCD layer is continuous and determined by the develeped 30

m resolution raster layer. The resolution of the remainingsdata layers is determined by
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the number of sampling/analysis points associated with the data layer. The lateral extent of all
layers within EIUSH is determined by the riparian area boundary as described in the previous
ADefi ned Ri par iteMethodse dahe poinesanipiesintiuded in the index
data layers reflect, local and basin contributions, and are measured within the active river
channel, and attributed to that location. The representation of the data layer samples to the
defined ripaian area extents allows for a lateral dimension in the spatied®sipn of the point
samples.
Biological Community

The biological community category of the EIUSH was represented by a
macroinvertebrate features layer. The data used in this layecuoltreted by the U.S.
Geological Survey in 2006 in Missouri (Wilkison et, @009) and 2007 in Kansas
(Rassmussen et.aP008). The macroinvertebrate index values were assigned to reach
polygons defined by theinesample locations (§ure 3.8). This wathe most current and
complete macroinvertebrate dataset for the Blue River. This macroinvertebrate layer was
compared to developed aquatic life use status (ALUS) standards in each state KiSaler
Rabeni, & Sowa2002; Kansas Department of Healtld &nvironment, 2000). The ALUS was
based on composite macroinvertebrate metrics and included three life support categories of:
fifully supporting, fipartially supporting, andfinonsupporting of aquatic life. These
categories were developed from a streamddion index score (SCI) that used total taxa
richness, the taxa diversity as measured in the Shannon Diversity Index (SDI) and the Biotic
Index (Wilkison et al., 2009) The life support categories, which were common to results from
both states, were signed numerical index values in order to represent the results between

states in a consistent manner. The categoifutly supporting of aquatic communities was
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assigned an index scale value of 100, the middle categ@padfally supporting of aquatic
communities was assigned an index scale value of 50, afiddhsupporting categoryof
aguatic communities was assaghan index scale value of 1dd&re 3.9). Each raster cell
value was then multiplied by a 0.2 category weight and wastagezpulate the

macroinvertebrate raster layer.
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Figure 3.8 Biological (macroinvertebrategachextentsused in the development of the
Ecological Index of Urban Stream Health, Kansas City, Missouri, and vicinity.
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Figure 3.9 Biological (macroinveebrate) data layer used in the development of the Ecological
Index of Urban Stream Health, Kansas City, Missouri, and vicinity.
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Hydrologic Gmponent

The hydrological component of EIUSH consisted of one feature layer determined from
the hydrologic analyses of daily streamflow data at threetemg U.S. Geological Survey
streamgages within the Blue River Basiime daily streamflow dataere analyzedsing the
software Indicators of Hydrogpc Alteration version 7.1Nature Conservancy, 20). The
streamgages included the Blue River near Stanley, Kansas (USGS station no. 06893080; record
period 1974 2017); Indian Creek at Overland Park, Kansas,i¢stato. 06893300; record
period 1963 2017); and the Blue River at Kansas City, Missouri, (USGS station no.
06893500; record period 192®17; USGS, 201h). Temporal trends in 33 hydrologic
parameters and 34 environmental flow congian (67 total paramats) (Nature Conservancy,
2009) were assessed within IHA for temporal changes using adgaates fit regression and
the corresponding-value. The 67 hydrologic parameters included median monthly
streamflows, 4, 3-, 7-, 30, 90-day minimum and maximurstreamflows, monthly low flows,
and flow characteristics with high flow, small flood, and large flood streamflow categories.
The EIUSH version | included the hydrologic alterations based on streaneitonds though
2006 (Table 3.5, lgure 3.10) and the BISH version Il included hydrologic alterations based
on streamflow reords through 2016 @ble 3.5, igure 3.11). The IHA results were
summarized and incorporated into the index as the proportion of ecological hydrologic
parameters that showed a stataticsignificant changepfvalue < 0.05) for the analysis
period. The summary value incorporated into the index was determined by the formula

1 - (number of statistically significant hydrologic parameters /#&0p.

The value presented in the indéxerefore, was the percent of the 67 hydrologic

parameters at a station not experiencing a statistically significant hydrologic alteration. The
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layer values were then multiplied by a 0.2 category weight to account for the hydrological

component.

Table3.5

Degree of hydrologic alteration as determined by the Indicators oblbgic Alteration
software Nature Conservancy, 2017) at selected U.S. Geological Survey streamgaging stations

along the Blue River.

Hydrologic Alteration
EIUSH | (througB006) EIUSH Il (through 2016)

Percent of Percent of
Percent of IHA Percent of IHA
IHA parameters IHA parameters
parameters unaltered parameters  unaltered
Stations altered used in index altered used in index
Blue River at Stanley, KS 4.48 95.5 134 86.6
Indian Creek at Overland Park, K 61.2 38.8 64.2 35.8
Blue River at Kansas City, MO 38.8 61.2 46.3 53.7
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Figure 3.10Indicators of Hydrologic Alteration (Hydrologyjsed in the development of the
Ecological Index of Urban Stream Health version I, Kansas City, Missouri, and vicinity.

54



0 1.25 2.5 5 Miles

user community

IHA Scores
(2016)

Esri, HERE, DeLorme, Mapmyindia, © OpenStreetMap contributors, and the GIS

Figure 3.111HA data layer used in the development of the Ecological Index of Urban Stream

Health version Il, Kansas City, Missouri, and vicinity.
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Land Use and Land Cover

The LULC component used in EIUSH was derived from then@@er (m) resolution
National Land CoveDataset (NLCD). The 2006 NLCD was usedEIUSH | (Fry et al
2011) (Fgure 3.12). This landise landcover component was weighted at 0.20 in the index
model with each cks being scaled from 0 to 100afdle 3.4). The land use and land cover
dataset was updated to the 2011 National Land Cover Dataset (Ebahe2015) for the
EIUSH Il (Fgure 3.13). The 16 land u¢and cover classes stayed the same for the two

different years of imagery.

Table 3.6

Land use and Land Cover layer categories and model weighting used in Ecological Index
of Urban Stream Health version | and II.

Model Category Classes Class ID Scale Value Weight
Open Water 11 80
Developed Open Space 21 20
Developed Low Intensity 22 20
Developed Medium Intensity 23 10
Developed High Intensity 24 0
Barren Land 31 40
Land use/land Deciduous Forest 41 70
cover(LULC) Evergreen Forest 42 70 0.2
(source:NLCD 2006/201Mixed Forest 43 70
Shrub/Scrub 52 60
Grassland/Herbaceous 71 80
Pasture/Hay 81 40
Cultivated Crops 82 50
Woody Wetlands 90 100
Emergent Herbaceous Wetlangls 95 100
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Figure 3.13National Land Cover Dataset (2011) laysed in the development of the
Ecological Index of Urban Stream Health version Il, Kansas City, Missouri, and vicinity.
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Physical Habitat @mponent

The physical habitat componesftEIUSH | and EIUSH lconsisted of two feature
layers. The first layer was a physical habitat layer that was based on 2006 Blue River Basin
habitat data collected by Wilkison et al (2009) at 11 sites. Physical habitatetataollected
as part of a rapid assessment pohae described by Sarver (20@®d included reach scale
bank stability, stream sinuosity/channelization, riffle quality, riparian vegetation, impervious
surface drainage upstream and buffer length incatpdrinto a habitat score. The sample
locations corresponded to U.S. Geological Survey stations along the Blue River in Missouri
and Kansas. The results were incorporated into the index as a percent of thessiité po
physical habitat score igure. 314). The habitat scores were designed to measure the local
reach habitat rather than the overall land use upstream from evaluation sites. The second
physical habitat layer in EIJUSH was a channelization condition layer that depicted larger scale
areas of cannelization and channel modification within the Blue River Basin. The channelized
layer was weighted based on four scores indicating varying degrees of channel alteration
including substantial changes in channel sinuosity and substrate assessed itizied stiggam
channel center line from 1956 and 2011 (USBXH,6 and2012 NAIlPaerial imagery{.S.
Department of Agriculture, Farm Service Agenegrious dates Substantial differences
between the 1956 and 2011 channel centerlines, along with olaridigsal channel substrate
(uniform boulders, bank armoring) derived from the 2012 imagery, were used to define stream
reaches of similar channel conditions. Channel reaches along the Blue River and Indian Creek
then were assigned an index score of 2060, or80 (Fgure 3.15). A score of O indicated a

complete alteration of the channel, for example, an extended concrete box culvert or channel.
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A score 0f20 was assigned to an area with substantial (>50%) substrate changes and
channelization presenf score of 40 was assigned to areas of substantial substrate alteration
with minimal or no channelization (this would include grade control structures and bank
armoring) or substantial channelization with minimal substrate changes. The category score of
60 represented areas of moderate (>380%) substrate changes or channelization, and the
highest category score of 80 was assigned to areas with minimal (<10%) substrate change or
presence of channelization. A maximum score in the study area was lim@@dather than

100 (no alteration of substrate or channel) based on the assumption that no reach within a

stream that had undergone substantial channelization for decades would be entirely unaffected.
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Figure 3.14Physical habitat data layer used in the development of the Ecological Index of
Urban Stream Health, Kansas City, Missouri, and vicinity.
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Figure 3.15Channelization data layer used in the development of the Ecological Index of
Urban Stream Health, Kars&ity, Missouri, and vicinity.
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Water Quality @mponent

The water quality component the EIUSHwas comprised of three feature layers.
Contributions from nonpoint sources of contaminants were represented by two common
contaminants in urban settings aneéapcally the Blue River (Wilkison et 312009), and
included chloride concentrations, aBdcoli density layers. Point source contaminants were
represented by National Pollutant Discharge Elimination System (NPDES) permitted
discharges in the study arexpressed as the Toxic Weighted Pound Equivalent (TWPE) layer,
as these data present the discharge permit sites that haveqort# pollutant loadings
expressed by their mass and relative toxicity (USEPA, 2017b). The water quality weight of
0.20 was tvided equally between point and nonpoint source contaminants. The resulting
weight factors were with nonpoint source chloride Bndolilayer each receiving an equal
0.05 weight, and the point source of TWRer received a 0.10 weightdlble 3.7).

Thechloride concentration layer in EIUSH was developsiigthe mean annual
chloride concentrations collected wittgalected reachdsetween 1999 and 20E8dthe EPA
304(a) recommendations for protection of aquatic life from the Ambient Water Qualgyi&rit
for chloride (USEPA, 2017akamping frequency and total sampdezes at each sangal
location varied but ranged froB®2 to 84 total samples during the analysis pefite index
was divided into three categories; 1), an index value of 100 iedicatchronic exposure as
determined by a mean chloride concentration of less than 230 mg/L; 2), an index value of 50
was usedor a mean concentrations of chloride values greater than 230 but less than 860 mg/L;
and 3),andan index value of O indicatlacue chloride exposure corresponding to mean reach

chloride concemations greater than 860 mg/Ligkre 3.16).
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Figure 3.16Water Qualityi Chloride data layer used in the development of the Ecological
Index of Urban Stream Health, Kansas City, Misscamd vicinity.
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TheE. coliEIUSH layer was developed based on data collected within the(aasin
average of 44 samples per sibefween 1999 and 2010 and this data layer was included in the
index as the percent of available samples (USGS,#Qa&t were within the state compliance

for E.coli at selected sample locationsgiire 3.17).
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Figure 3.17Water Qualityi E.coli data layer used in the development of the Ecological Index
of Urban Stream Health, Kansas City, Missouri, and vicinity.
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The TWPHayer was developed by summarizing the TWPE values (determined by
EPA using pounds of disahge multiplied by the toxicity weightinigctor; USEPA, 2017b)
within analysis reaches that were defined by streamgage locations. The TWPE data for the
period2007-2009were used in EIUSH versiondnd data for 2032016 were used for EIUSH
version Il. TWPE data were derived from reported and permitted NPDES discharges including
nutrients, petroleum products, metals, and other organic compduresumulative TWE
values by reachwere averaged for the 20@D09 period and the 2012016 periodsThe
values werencluded in the index based on the percentile of the mean reach values within the
distribution of all individual norzeroTWPE values within the basin fadhe 20072009 (Figure
3.18) andhe 20142016 periods (l§ure 3.19). The index scores were presented as

17 mean TWPE percentile,

such that areas with high TWPE index scores corresponded to low leV&&d, and low
scores were areas with high levefSTWPE
Index Model Development

The spatiallyweighted index models incorporated datasets with varying spatial and
temporal extents. The purpose of the EIUSH was to summarize and communicate a broad
range of spatial and temporal data and provide a geretdnealth assessment utilizing
available datasets. The index model incorporated each different layer as a contributing weight
and scale based on the different feature attributes (Tab)lexdich were numerically
combined into a raster layer. Eachadst shared common geography based on the same study
extents, while the interior spatial range of each layer varied based on the available distribution
of the feature values. The temporal extents also were different, depending on the available

monitoring eriod of the features.
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Figure 3.18Water Qualityy TWPE 20072009data layer used in the development of the
Ecological Index of Urban Stream Health, Kansas City, Missouri, and vicinity.
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