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EXECUTIVE SUMMARY

In 2010, theLake Washington/Cedar/Sammamish Watershed (WRIA 8) Technical Committee
commissioned King County staff to conduct a land cover change analysis in order to answer two
broad questions:

1. Is forest cover being retained in priority WRIA 8 subbasins?
2. Are riparianbuffers being protected along priority streams inside WRIA 8?

With those questions in mind, we used existing satellite imagery and aerial photography to
guantify the following indicators:
1. Change irtotal forest coveiarea in WRIA 8, by subbasin (199996,19962001, 2001
2006 and 19912006)
2. Change irdevelopedareain WRIA 8, by subbasii(1991-1996, 19962001, 20012006
and 19912006)

3. Change irforest cover and impervious area withiparianareas in priority WRIA 8
subbasins (2002009)

LandscapeScale Analyses

For the broadest spatial scale under analysis, LandSat land cover classificatiomesg(30
resolution) covering WRIA 8 for the years 1991, 1996, 2001 and 2006 were obtained from the
NOAA Coastal Change Analysis Program@&P). We calculate total acreage and percentage

of each subbasin classified as fAforesto (ever

years, then determined the amount of acreage and percentage change in forest cover over the
periods. In addition, datasets depigtin | and cover change for each
periods (19941996, 19962001, and 2002006 were also downloaded from the same source.

We examined changes in forest cover by WRIA 8 priority area (Tiers 1, 2, and 3 in WRIA 8
nomenclature), by silasin, and inside vs. outside the Urban Growth Area boundary.

Giventhe importance of coniferous tree species to the ecology of the Puget Soundwegion,
performed a separate analysis of the changehnevergreen forestclassificationfor each of
thefour data years.

Also at the LandSat spatial scale, we conducted two assessments of changes to the built

environment bet ween 1991 and 2006. First, we

classificationsusing@ AP dat a. fADevel oprepdrtisadefimet as tree sumu s e d
of five land cover classes: bare laddyeloped open spa@nd highdensity, mediundensity,

and lowdensitydeveloped (see Appendix A for definitions). Second, we used estimates of actual
impervious surface area to estimeb@nge in that variable over time.

Stream Reach Scale Aalyses

In those subbasins showing the greatest percentage of forest cover loss between 2001 and 2006
using GCAP data, we selected a random sample of stream reaches for closer examination. This
component of the study was performed at a finer spatial scale than the forest cover analysis in

King County Vi July 2011
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order to estimate change in areas closest to WRIA 8 streams with greater confidence. High
resolution aerial photographs-{dot or greater resolution) were usedhis portion of the

project. In total, we analyzed 54 stream reaches comprising about 22 percent of the salmon
bearingstreamlengthin eachsutbasinanalyzed in this part of the study

Results

Landscapescale AnalyseOur analyses showed a decline iforest cover in 42 of 47 WRIA 8
subbasins between 1991 and 2006. Tier 1 subbasins the greatest forest cover loss over the
study period was in North Fork IssaquaBQ(1 percent), Upper Sammamish Vallel(3

percent), and Lower Beatl(l.4 percent). ITier 2 subbasins, the greatest loss of forest cover
between 1991 and 2006 occurred in Upper No&h.8percent), Lower North-24.4percent),

Evans {12.7percent), and Little Bear2.0percent)* Seven Tier 3 subbasins saw forest cover
decline by moe than 10 percent over the same period (Cedar North Urban, Upper Swamp, East
Lake Sammamish, Cedar South Urban, Lower Swamp, Coal, and West Lake Sammamish).

In aggregate, the majority of forest cover loss between 1991 and 2006 occurred where land
converson is expected, inside the Urban Growth Area (UGA) boundarie&20.5 percent in

Tier 1 areas anel3.5 percent in Tier 2 areas inside the UGA). Forest cover change in aggregate
outside the UGA boundaries was too small to reliably determingefcent anet2.9 percent in

Tier 1 and Tier 2 areas, respectively).

The most recent period (20@D06) saw a slower pace of loss in forest cover in most subbasins
when compared to earlier periods. This decline in the amount of change may be influenced by a
number ofpotential factors, including stronger measures protecting forest cover, a declining
relative amount of forest to lose (the rate of forest conversion declines as an area approaches
buildout), or a weaker economic climate compared to earlier periods. $h&dtk Issaquah and
Lower North subbasins were two of the exceptions to this trend, as these areas saw increases in
rate of change during 202D06. As in most areas in the watershed, the majority of forest cover
loss in these two subbasins during thisgueoccurred where land conversion is diredgted

inside the UGA boundaries.

All subbasins in WRIA 8 showed an increase in developed area from 1991 to 2086nilar

to the slowed trend in forest loss, the trend of increase in developed area sloveati@sth
recent time period (2002006).In Tier 1 subbasis theaverageextent ofdeveloped area during
these periods went from 33 percent to 37 percent, buatbefgain in developed area dropped
from an average of 21 acres per year in the 1996 eriod to 16 acres per year in the 2001
2006 period. The Tie2 subbasin average developed area during these periods wertlfrom
percent ta16 percent, but the gain in developed area dropped from an averdgawes per
year in the 19911996 period t@®5 acres per year in the 20@0D06 periodTrends were similar

in Tier 3 as wellsubbasin average developed aremeasedrom 62 percent td6 percentand

! Although the 195cre Mercer Slough Subbasin saw an 18.8 percent decline in forest cover between 1991 and
2006, the actual amount of forest cover loss in that subbasin was only 4 acres.
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the gain in developed area dropped from an average adres per year in the 199996 period
to 12 acres per year in the 20@D06 period

Reachscale Analyses'he amount of impervious area inside the riparian area (for this

analysis, defined as the area within 165 feet of the stream) increased between 2005 and

2009 in nearly all subbasins we studd. The greatest increase in impervious area in the reaches
we studied was observed in Lower Bear (21.0 percent), followed by Evans (10.4 percent) and
Lower North (7.2 percent).

Forest cover loss was not consistent across basi@¥ the eight subbasivee sampled at this

scale, three showed an overall loss in forest cover in the riparian area between 2005 and 2009
(Lower Bear, Evans, and Upper North), whereas five showed either no appreciable change or a
small gain in forest cover (East Fork IssaqualrtiNBork Issaquah, Upper Bear, Cedar North

Rural, and Lower North). Reaches inside the UGA experienced an overall 3.4 percent loss of
forest cover between 2005 and 2009, whereas reaches outside the UGA saw a 1.5 percent loss of
forest cover during the sarperiod. Impervious area inside the UGA increased by 10.5 percent,
whereas outside the UGA impervious area increased by 5.3 percent.

Conclusions

Although the continued loss of forest cover inside the UGA is predictable because development

is directed intdhose areas, the riparian area analysis shows that some riparian areas lost forest
cover and all gained impervious cover between 2005 and 2009 despite existing regulations

designed to protect these environmentally sensitive critical areas. Althoughbieyasd the

scope of this project to investigate the particular reasons for forest cover loss and impervious

cover gain in these potentially important ecological areas, much of the change appeared to be the
result of two phenomena: (1) small actions by madyvidual private landowners, and (2) at

|l east one | arger devel opment project construc
not subject to the most recent critical areas protections).

These observations suggest at least two categoragiohs that might be useful to improve
protection of riparian areas as part of a larger strategy: (1) targeted outreach activities focused on
improving stewardship of stream areas on private property, and (2) activities geared toward
identifying importantiparian areas subject to vested development rights, and working with
property owners to find acceptable means of protecting and improving riparian function in those
areas.
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1.0. INTRODUCTION

In the Lake Washington/Cedar/Sammamish Watershed.(a\kater Resource Inventory Area

8, or WRIA 8), the protection axisting,intact forest coveis considered to bene of the most
important actions to take tmnservesalmon WRIA 8 SRC 2005 Intact forests contribute to
naturalwatershegrocesses artigh water quality necessary for salmon survival, and therefore
should be maintained in areas important to those spétiaseas where forest coverabsenor
cannotbe maintainedthe protection and restorationriparian bufferdi.e., forested streamside
areas)s considere@specially important.

As part of WRIA 8 Chinook Conservation Plan implementation monitoring and assesrent,
WRIA 8 Technical Committeeommissioned&ing County stafin 2010to conduct a land cover
change analysis orderto answeitwo broadquestions:

1. Isforest covebeing retainedh priority watersheds
2. Are riparian bufferdeing protectedlongpriority stream8

The objectives ofttis projectare to quantifithe followingindicators

1. Change irtotalforest coverea in WRIA 8, by subbas{i9911996, 19962001, 2001
2006 and 19912006

2. Change irdevelopedareain WRIA 8, by subbasii(1991-1996, 19962001, 20012006
and 19912006

3. Change irforest coveland impervious areaithin riparianareas in priority WRIA 8
subbasing20052009)

Thegeographic scope diie projectis the Lake Washington/Ced@d@mmamisiWatershed
(WRIA 87 Figure ). Fundingwas providedy the Puget Sound Raershipthrough a grant
from the U.S. EPA Nationd&stuary Progranwith project oversight by the WRIA 8 Technical
Committee Preliminary results from these analyses weportedatthe WRIA 85-Year
Chinook Conservation Plan ImplementatBammiton December3, 2010

Technical analyses contributing tee2005WRIA 8 Chinook Conservation Plancludeda
processn whichsubbasis wereprioritizedb y A Ttd easurs thatonservatiorstrategies
were appropriate for each ar@aeTechnicalAppendixC-2 of the Plan: Leonetti et &2005;see
alsoFigures 1 through B

e Tier 1subbasingrecore spawning and obligatory rearing and migratory areas for
Chinook salmon without which the WRIA 8 populations could not complete their life
cycle.While migratoryareasmaytraverse heavily urbanized sections of weershed,
the majority of Tier Ispawning and rearing areasilierural areasutside the Uran
Growth Area (UGA) boundar and contain large zones of intact forest

e Tier 2 subbasineontain less frequer@hinook spawning areas with moderate to high
relative watershed conditioifhese subbasins azensidered crucial for maintaining and
improving the spatial structud Chinookpopulationan WRIA 8. Tier 2 subbasins
include episodiproduction areas that contain limited favorable habitat for Chinook
salmon but which could be productive for thepecies in the future given grea@rtinook
salmonabundance and protection of #vdastinghigher watershed conditiomhese areas
lie bothinsideand ousidethe UGA bounday.
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o Tier 3subbasingxhibitlower watershedunction, significantly impaired watershed
processesand degraded aquatic habitéhey also tend tpossessaturally limited
production and abundance of Chinook salmm@sed o subbasin size, channel width,
gradient, or length of suitable habitat ar€i@r 3areas liemostly inside the UGA
boundary

Figure 1. Lake Washington/Cedar/Sammamish Watershed (WRIA 8) map.
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Figure 2. Urban Growth Area (UGA) boundary in WRIA 8, 2010.
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Table 1.Subbasins in WRIA 8 and identified in Figie

ID SUBBASIN Tier
1 Cedar Main Rural 1
2 Cedar Main Urban 1
3 Cottage Lake 1
4 East Fork Issaquah 1
5 Fifteenmile 1
6 Lake Union 1
7 Lower Bear 1
8 Lower Issaquah 1
9 Lower Sammamish Valley 1
10 Middle Issaquah 1
11 North Fork Issaquah 1
12 Upper Bear 1
13 Upper Issaquah 1
14 Upper Sammamish Valley 1
15 Cedar North Rural 2
16 Evans 2
17 Kelsey 2
18 Little Bear 2
19 Lower North 2
20 Mercer Slough 2
21 Rock 2
22 South Kelsey 2
23 Upper Cedar 2
24 Upper North 2
25 Walsh 2
26 Cedar North Urban 3
27 Cedar South Urban 3
28 Coal 3
29 East Lake Sammamish 3
30 East Lake Washington 3
31 Forbes 3
32 Green Lake 3
33 Juanita 3
34 Lower Swamp 3
35 Lyons 3
36 May 3
37 McAleer 3
38 McDonald 3
39 Mercer Island 3
40 Nearshore 3
41 North Lake Washington 3
42 Peterson 3
43 Thornton 3
44 Tibbetts 3
45 Upper Swamp 3
46 West LakeSammamish 3
47 West Lake Washington 3

King County

July 2011



Land Cover Change AnalysisSVRIA 8

2.0. METHODS

The subbasins and tiers used in this analysis are identical to those used in the Lake Washington
/Cedar /Sammamish Chinook Salmon Conservation Plan Technical Appedikednetti et al.
2005). Althoughdata on hydrologic boundaries have improved since the time of that analysis, we
used subbasin boundaries consistent with Leonetti et al. (200Fh were based on Hartley
(2001),to allow comparison between the two investigations.

2.1 Basin -wide Analyses

LandSat land coveslassifications covering WRIA ®r the yeard 991, 1996, 2001, and 2006

were downloaded from NOAAO6s COAR)svebsite’®tiehrenge An
projectedrom Albers Conical EquaArea to Washington State Plane Ngptiojection.Land

cover in these dataset@sclassifiedat a resolution of 30frpixels. WRIA 8 is covered by a

single LandSat pathrow footprint (Path, &bw 27). Giverthe difficulty of obtaining cloudree

imagery, data collection spans a range of datea given year{able2).

Table 2.LandSat data collection date ranges.

Study year | Datesorthophotos were taken

1991 7/7/1991 to 9/3/1991(exact date not provided)
1996 8/21/1996

2001 7/7 and9/25/2000; 5/31/2001

2006 9/2/2006

Three datasets depictitgnd coverchangebetweemperiodswere also downloadddom C-CAP:
19911996, 19962001, and 20022006. Additionally,King County Water and Land Resources
Division GIS staff created datasetlepicting change fat9912006. Theséouri c hange 0
datasets atlw the user to analyze locatispecific changes between two given eras of
classifications. Methods for establishing tre@inal GCAP land coverclassificationsare
describedn Dobson et al. (1995). The-CAP program modified land cover classes since they
were originally established in 1995; the classes now in use (and used in thisaeplstgd in
Appendix A? Note that cover classes used BBP vary considerably from theassification
system used in Leonetti et al. (2005). Therefore, comparisons between thearsttldg one
should be undertaken with cautigkdditional discussion of thdifferences in classification
systemss included inAppendix B.

The ptal areain the 47 subbasins analyzed for WRIAs&88,285 acre#\n extra 26,660 acres
comprising lakes Washington and Sammamish were removed from all analyses.

2 http://www.csc.noaa.gov/crs/lca/pacificcoast.html

3 At the time of this analysis, the year 2006 is the latest year for which Nelssaifications are available.

* Out of 24 possibléand cover categories in the@AP characterization scheme, 20 were present in the WRIA 8
subbasins (see Appendix Also see
http://www.csc.noaa.gov/digitalcoast/data/ccapregional/_pdf/ccap_class_scheme.pdf
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Overall accuracyf the C-CAP classification process estimated aB6.1percentand 85.0
percentKappa (NOAA 2004). The accuracy results shown below are from a combined accuracy
assessmempmpleted on both Oregon and Washingte@AP areas. A total of 1048ssessment
pointswere located in Washington and 1165 powvise located in Oregon.

Each classauracy is as follows: (Errors of Omission/Commission)
0 Background (N/A)
1 Unclassified (Cloud, Shadow, etc)(N/A)
2 High Intensity Developed (50%/73%)
3 Medium Intensity Developed (79%/52%)
4 Low Intensity Developed (25%/41%)
5 Open Spaces Developed (50%/100%)
6 Cultivated Land (86%/72%)
7 Pasture/Hay (77%/73%)
8 Grassland (61%/76%)
9 Deciduous Forest (95%/88%)
10 Evergreen Forest (99%/85%)
11 Mixed Forest (80%/93%)
12 Scrub/Shri (75%/84%)
13 Palustrine Forested Wetland (75%/75%)
14 Palustrine Scrub/Shrub Wetland (68%/84%)
15 Palustrine Emergent Wetland (91%/72%)
16 Estuarine Forested Wetland (N/A)
17 Estuarine Scrub/Shrub Wetland (N/A)
18 Estarine Emergent Wetland (93%/100%)
19 Unconsolidated Shore (90%/95%)
20 Bare Land (79%/96%)
21 Water (100%/100%)
22 Palustrine Aquatic Bed (100%/100%)
23 Estuarine Aquatic Bed (100%/100%)
24 Tundra (N/A)
25 Snow/IcegN/A)

2.1.1 Forest Cover

The total acreage and percentage of each subbasin classitedst&vergreendeciduousand
mixed) was calculated foeach of the four data years

Usingtotal forest acreage and percentage of each subbasinencalculated the percent
changen forest cover per subbadietweereach time periodlo calculate percent chandbe
following formulawas used

Percent change = ((y2 - y1) / y1)*100

A positive or negativaumberrepresergthe direction of forest covehange percent change
whereforestcover has decreasedll be indicated bya negative number, and for those areas
where forest cover is increasing, the percent change will be positive.

Since land management activities may differ depending on regutatrglates (e.g., the
Washington Growth Management Act), we chose to exathidifference in forest cover inside
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versus outside the Urban Growth Ar€&ar thiscomponent of thanalysisforest covelacreage
wascalculated for eacbulbasinand subcategoized according to inside or outside the growth
boundary.

Evergreen Forest

Giventhe importance of coniferous species to the ecology of the Puget Sound region (e.g.,
Kruckeberg 199}, the WRIA 8 Technical Committee suggested thatextent of evergreen

forest (rather than combined evergreen, deciduous and mixed classifications) may be a more
useful indicatoof naturalwatershed conditions WRIA 8; therefore, we performed a separate
analysis of the change in evergreen forest for each of the four dasaAsar the previous
analysis, areas inside and outside the urban growth boundary were aksesael subbasin
separately as well amllectively.

Forest Conversion

In order to examinérestcoverconverted to developed lanthange irtotal acreagéor the
following land coverclassesvascalculatedoy subbasin (using the land cowtrange datasets
for 1991:1996, 19962001, and 2002006

Deciduous Forest to Bare Land

Deciduous Forest to Developed Open Space
Deciduous Forest to High Intensity Devedul
Deciduous Forest to Low Intensity Developed
Deciduous Forest to Medium Intensity Developed
Evergreen Forest to Bare Land

Evergreen Forest to Developed Open Space
Evergreen Forest to High Intensity Developed
Evergreen Forest to Low Intensity Developed
Evergreen Forest to Medium Intensity Developed
Mixed Forest to Bare Land

Mixed Forest to Developed Open Space

Mixed Forest to High Intensity Developed

Mixed Forest to Low Intensity Developed

Mixed Forest to Medium Intensity Developed

T I D T I D T D D D D D D

2.1.2 Development

Two different approaches to examining development were used in this study: lands classified as
developedn C-CAP( i Devel opedstitatee mperanodus area (Al mper
regardless of the land classification.

Developed Area

fiDevelopedarea as used in this report is defined as the sum oflfind coverclassesbare
land,developed open spaa@nd highdensity, mediurrdensity, and lowdensitydevelopedsee
Appendix A for definitiony. We calculated percertotal areaand rde of changen developed
area.
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Impervious Area

Estimates of actuanpervious surface aregereobtainedfrom raster filefrom the Washington
Department of Ecology§{DOE).” Impervious arewas estimately WDOEas a continuous
variablefrom a combination of LandSahd higher resolution imagensing Regression Tree
modeling methods as in Yang et al. (20@)ly the 2006 dataset included pigetith less than

20 percent impervious; thereforge removed those pixels to make comparisons across all study
years possibleeachremainingpixel in the 1991, 1996, 2001 and 2006 datasets (containing
values from 20 to 100 percentpssubsequentlgonverted to imperviouscees per pixel.

Acreage was then summed by subbasin for each period.

2.2 Riparian Area

The ripariananalysiscomponent of this studyas performed at finer scale than the forest cover
analysis in order to analyze change in the riparian zone with greater confidenCeCHke
LandSat data were characterized at a%@solution; the ripariatand cover in thiportion of
thestudy, on the other hanavas characterized at a 1&nesolution(Figure4). Theassumption

Figure 4. Riparian grid-squares (left) and C-CAP land cover at the idential location.

H o PO 3

5 http://www.ecy.wa.gov/services/gis/data/landcover/landcover.htm
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for using this approach separate from th€RP data is that the highresolution orthophotos
would help produce more accurate information about what is occurring in riparian areas.

The years 2005 and 2009 were chosen for andiystaio reasons. Firs005 was the year the
WRIA 8 Plan was ratified, which serves as adhiag for future analyses of buffer change; and
secondhigh quality, orthorectified aerial photographs were readily availatilee King County
GISfor all basins under consideration tboseyears.Earlier orthophotos were availal{eg.,
2000) butresolutiof! wasinsufficient for reliable classification at this level of detail

Because of time and budget constraiatdy a subset of WRIA 8 subbasinsuld beexamined.
A set of filters was applied to determine which subbasins would be analyzguhfean cover.
The subseof subbasins waselected from:

1. Tier 1 or Tier 2 subbasirisi.e.,the areas considered most important overall for Chinook
salmon recovery.

2. Basinswith the highest perceniecrease iverallforest covein the most recer@-CAP
study period (2002006.

Given these criteria, weelectedhe top nine subbasitfigr furtheranalysis(Table3). Oneof

those ning theUpper Issaquakubbasiri wasremoved fronsubsequent analyses because its
land use historis dissimilar to the other eight. Unlike the other subbasins meeting the above
requirementsin which the dominant factor in forest cover loss is conversion for development
forest cover change the Upper Issaquah subbaduring the overall period of stydvas
mostlythe result obngoing timber harvesbtations Also unlike the other eight subbasittse
previous two periodshowed increaseas forest cover in the Upper Issaquah subhassolder
areas that had been harvested in prior periods grewniatiore forest.

Table 3.Qubbasinsselectedfor riparian area characterizationincludingpercentchange of
forest in the subbasin between 2001 and 2006

Subbasin 2006 % change stream miles # of reaches to

Size % 2001 to under | randomly select

Tier | Subbasin (acres) Forest 2006 | consideration in basin
1 | Lower Bear 5222 31 2.23 14.0 10
1 | East Fork Issaquah 6054 82 2.02 6.3 5
1 | North Fork Issaquah 2947 43 12.53 2.0 1
1 | Upper Bear 8860 63 1.87 10.3 8
1 | Upper Issaquah 9568 76 2.66 10.7 -
2 | Cedar North Rural 4809 48 1.81 4.0 3
2 | Evans 9802 41 3.30 114 8
2 | Lower North 9750 27 12.11 13.1 10
2 | Upper North 8666 19 5.38 12.4 9

* Upper Issaquah was excluded from the analysis because of itadartdstory, which is discussed further in the text.

€ 2005 orthophotos were acquired in July 2005 at a resolutioffazftland 2009 orthophotos were acquired April
through October of that year at a resolution offocs.
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Of the 8 subbasinselected for analysiseachedo be characterizedere selectedandomly

from a subset of alitream reachesithin thesubbasin identified asctual or potentidhabitat for
Chinook and coho salmdrStream (line) data were checked against 208%limagey to

ensure the channel in the line file matched the channel in therB@@@ry The streams were
dividedinto 500meter segments (or smaller if the last segment in a reach was shorter than 500
meters)and therreachesvererandomly selected farharacterization

Reach selection was proportionate tolérgth of salmoniebearing streams ithe subbasin, so
that about 22.@ercentof total Chinookcoho stream miles in eashibbasinveresampledA
total of 54 sets of 56feter reaches (2 photoars perse) were examinedFigure5).

For each of the 54 reaches, a stationary set of iithsquares was established in GIS to
encompass 200 feet on each side ostheam The 206foot buffer width was chosen to ensure a
wide enough area waharacerized to be able to account for any regulatory buwfidth

applicable in the are&ubsequent analyses were performegvatspatial extentg(l) maximum
regulatorybuffer width requiredfor anyWRIA 8 stream(165 feet) and2) current regulatory
buffer width for the stream segment analyzedh& segment resides in a jurisdiction requiring
less than 16%eet.

Land cover for each 10ngrid square was classified by hand using ArcMap and-teghblution
orthophotos with resolution of 1 foot or great&rscale of 1:1000 was used in ArcMap when
classifyingthe grid square<srid squares were classified according to the dominant land cover
found in a given squafe.

Five land cover classifications were used:

1. Forest

2. Shrub

3. Building/all other imperviousoads including gravel roads

4. Water

5. All other pervious grass, lawn, mud, reed canarygrass, gravel pi), etc.
Orthophotos in 2005 compared to 2G@9ial imageryvere not always taken at the same angle
or registered wellvhenthe separat009photos were comhid in mosaicln Upper North
Creek, reach 25, the 2005 orthophoto was spliced poorly in the middle of the reach. The effect of
the splice was to lose two lanes of a road, which were roughly the equivalent of a row of 10m
squares. In order to accommodaiethis problem, the characterization boxes for 2005 were

shifted to try to match the photo, and square
impervious, as they were accounting for the part of the road that was spliced out.

"King County GIS dta.

8 Where each set of grid squares meet at the upstream and downstream endsméteB668ach, there is a smalll

area of overlap. This overlap occurs because thepeimd of one reach and the stpdint of the next reach occurs

within a grid squareTherefore, each reach includes a small portion of the adjacent upstream and downstream reach;

in those cases were adjacent reaches were selected as part of the random sample, the data include this small amount
of land cover duplication. This overlap ocd eight times in the study (once each in East Fork Issaquah and Evans
Creek, and twice each in Upper Bear, Lower North, and Upper North).
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Also in Upper North Creekhe 2005 orthophotos for reach 36 were skewed to such an extreme
extent that the only way to perform a relatively equitable comparison to 2009 was to move the
grid squares.

Most reaches characterized had some degree of photo shift. Care was takeohsmtjes in
total amount of impervious area reflect a true change, and not just a shift in photo. This level of
care was taken to ensure that the results do not render a false positive change in impervious area.

Figure 5. Reaches (shown in red) randomly selected for land cover class characterization.

Upper North Tier
[ ]1

Lower North I:l 2

g

chinookicoho reaches

UpperBear

Lower Bear

East Fork Issaquah
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3.0. RESULTS

3.1 Basin -wide Data

Tables showingesultsfor the LandSatscaleanalysesre extensive anaften comprisene or
two full pages. Because of their large size, all tables showingataa#l 47 subbasin®r other
large tablesire located il\ppendix C Smaller results tables are includi@ the main body of
this chapter

3.1.1 Forest Cover

The total acreage and percentage of each subbasin classified agtondshedevergreen
deciduous, and mixedassificationyarepresented i\ppendix G TableC-1, along with the
percent change between each analysis period and for the entire time p@8iba(06).Overall,
forest covedeclined by.8 percenin Tier 1 subbasingleclinedby 0.1 percenin Tier 2

subbasins, andeclined byl0.4 percenin Tier 3subbasins between 1991 and 2@Ué&ble 4).

The protected Upper Cedar Subbasin comprises aBdi@@orestedacres, oi78 percentof the

Tier 2forest coverand saw a 3.percentncrease in forest cover over the period. Removing this
subbasin from our @nge analysis showed forest cowethe rest offier 2 subbasindeclined

by 8.4percentetween 1991 and 200Bhe most recent period (20@D06) generally saw a
decline inpercent chang&om previous periodéTableC-2, Appendix §. TheTier 1 sulbasin
showing the greatepercent changacross the entire period frob991to 2006 was North Fork
Issaquah, which went from 62 percent of the bekissified agorest to 43 percenhearly all

the changén the North Fork Issaquah Creek subbagas Iacated inside the Urban Growth Area
boundary The Tier 1 subbasin with the highest percentage of forest cover showed little change
over time: Fifteenmile went from 90 percent forest@®1to 89 percent in 200@vell within
detection limits of the AP chlssification) Tier 2 subbasins Rock and Upper Cedar both
gained forest cover froh991to 2006; however, most Tier 2 subbasins had about 50 percent
forest cover or less ih991and lost more forest over time.

TableC-3a andC-3b in Appendix Cpresents feestarea and percent of basiaparatedhto the
urbanandrural areasThese data are summarized below able4. Somesubbasins are fully
within either the urban or rural area, but for those subbasins that include parts of eadulthe
are separadto illustrate more specifically what is occurring in the urban or urbanizing versus
rural portions of the subbasihablesC-3a andC-3b present the same information but in
different ways TableC-3a displays all data for a given subbasin in a singks kvhereas Table
C-3b segregates the urban and rural desblesC-3a and b illustrate, for example, that the Rock
Creek subbasin actually lost forest cowethe very small area of the subbaisiside the UGA

and gained forest cover outside the UGA.
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Table 4.Forest cover (acres) in all of WRIA 8 by Tier, inside and outside the. UGA

Location Tier 1991 1996 2001 2006
1 9,340 8,619 7,890 7,425
10,422 9,474 8,638 7,978
32,955 31,289 29,707 28,648
38,434 38,230 38,310 38,047
83,433 85,313 85,844 85,816
10,379 10,354 10,211 10,169

Urban (in UGA

Rural (outside UGA

WIN [ WIN

Evergreen Forest

Tables C-3a andC-3b in Appendix Cpresent forest area and percent of basin separated into the
urban and ruradreasTable 5presentgorest conversion in each tfe three time periods with a
focus onevergreerforest i G a includles conversion from armpver typeto evergreetfiorest,

and nl os shangdrameeVergrken sany other cover type

Table 5.Acres of @ergreen forest conversion in each of the thrékne changeperiods

Acres,
Total forest Evergreen)
1991-1996 19962001 2001-2006
Loss* -4970 (2630) -4937 (2120) -2627 (767)
Gain* 3284 (2172) 2259 (1202) 123 (123)
Net Change -1686 (458) -2679 (918) -2504 (644)

* Loss or gain from any typef conversion, including other forest typegsin is nostly from scrub/shrub and grassland

Table6 presents evergreen forest loss and gaith, areas inside and outside the urban growth
area boundaries displayed separately.

Table 6.Change in gergreen forest coer (acres) inside vs. outside the UGA.

1991-1996| 1996-2001 2001- 2006

Evergreendssin UGA -1713 -1166 -538
Evergreendssoutside UGA -917 -954 -229
Evergreendssin total area -2630 -2120 -767
Evergreen ginin UGA 45 24 5
Evergreen ginoutside UGA 2127 1178 118
Evergreen ginin total area 2172 1202 123
Netchangein UGA -1667 -1141 -533

Net changeoutside UGA 1209 223 -111
Netchangein total area -458 -918 -644
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Forest Conversion

Table7 presentghe total acres of foresbnverted to developed area in each of the three change
datasets19911996, 19962001, and 2002006)summarized by UGA/ncblGA. TableC-5in

Appendix Cpresentghe total acres of forest WRIA 8 converted to developed area for each
classification in eeh of the three change datasets

Table 7.Forestto developedacresconversioninside and outside the UGAgrouped by Tier

Tier Forest Conversion Class Name 1991-1996| 1996-2001| 2001-2006
1 Deciduous Forest to Developed Area, in UGA 89.9 279 437
Evergreen Forest to Developed, in UGA 403.5 255.1 71.4
39.1% | Mixed Forest to Developed, in UGA 2558 175.0 2885
of Tier 1| Deciduous Forest to Developed Area, outside U 39.7 7.6 31
in UGA | Evergreen Forest to Developed, outside UGA 163.1 1135 6.4
Mixed Forest to Developed, outside UGA 119.7 95.9 8.1
2 Deciduous Forest to Developed Area, in UGA 603 148 106.7
Evergreen Forest to Developed, in UGA 471.4 311.6 231.3
24.1% | Mixed Forest to Developed, in UGA 345.7 3583 303.1
of Tier 2 | Deciduous Forest to Developed Area, outside U 20.4 12.8 17.0
in UGA | Evergreen Forest to Developed, outside UGA 1411 1534 311
Mixed Forest to Developed, outside UGA 869 1557 26.9
3 Deciduous Forest to Developed Area, in UGA 182.0 456 237.9
Evergreen Forest to Developed, in UGA 7411 390.9 206.1
89.6% | Mixed Forest to Developed, in UGA 752.3 8543 4649
of Tier 3| Deciduous Forest to Developed Area, outside U 26 2.7 06
in UGA | Evergreen Forest to Developed, outside UGA 14.7 38.1 0.7
Mixed Forest to Developed, outside UGA 7.4 81.2 2.7

3.1.2 Develop ment

Developed Area

The total area and percent coeédeveloped area in each subbasin is presented in Tabla
Appendix Calong with the rate of change (acres per year) for the entire time pE8@H2Z006).

Tier 1 subbasins displayed a combined total of 31 percent developed area in 2006, an increase

from 28 percent in 199North Fork Issaquah showed a higher gain in dged area across the
study period than the other basins1891, 26 percent of the basin was covered in developed
area, and by 2006, 46 percent of the basin was in developed area. Tier 2 subbadsiosmhad a
23 percent developed area per basin in 2@D6increase frorA0 percent in 1991The greatest
gain in percent developead Tier 2 subbasinever the period under analysis was in ltogver
North subbasinwhich gained an average df.Z acres/yeatapproximately 11 percent of the
sutbasin. Tier 3 subbasinsombined wer&8 percent developed in 2008én increase froré4
percent in 1991
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Table8 summarizeshe total area, by year, for each land classification used to calculate
developed area.

Table 8.Developed aregacres)by land classn all of WRIA 8by UGA

Tier Developed Are&lass Name 1991 1996 2001 2006
1 Bare Land, in UGA 376.4 365.9 421.4 409.1
Developed Open Space, in UGA 2279.3 2416.0 2516.4| 2592.9

High Intensity Developed, in UGA 4382.4 4430.4 4528.2 4632.6

Medium Intensity Developed, in UGA 8635.3 9158.8 9327.2 9473.3

39.1% | Low Intensity Developed, in UGA 8040.2 8328.3 8495.4 8959.6
of Tier 1 Total, in UGA 23,713.6 | 24,6994 | 25,28.6| 26,06/.5
in UGA | Bare Land, outside UGA 380.0 362.1 339.5 1015.0
DevelopedOpen Space, outside UGA 3375.1 4632.8 4832.8 4839.3

High Intensity Developed, outside UGA 1135.8 1016.7 1053.6 1109.8

Medium Intensity Developed, outside U{ 11194.6( 13261.5 13681.8| 13676.1

Low Intensity Developed, outside UGA 6366.8 4514.1 4623.0 5096.0

Total, outside UGA 22,4523 | 23,7872 | 24,530.7| 25,7362

2 Bare Land, in UGA 366.8 315.1 235.1 129.9
Developed Open Space, in UGA 2789.4 2900.0 3084.0 2907.0

High Intensity Developed, in UGA 2709.5 2818.7 2948.7 3164.1

Medium IntensityDeveloped, in UGA 10344.5| 10965.8| 11268.1| 11495.7

24.1% | Low Intensity Developed, in UGA 6115.7| 6522.0 6857.4| 7789.1
of Tier 2 Total, in UGA 22,325.9| 23521.6( 24,393.3| 25485.8
in UGA | Bare Land, outside UGA 44.2 164.8 156.9 547.5
Developed Opefpace, outside UGA 2403.9 3254.3 3503.6 3306.6

High Intensity Developed, outside UGA 1348.3 1219.1 12594 1280.0

Medium Intensity Developed, outside U{ 10045.7| 12237.4] 12586.6] 12588.3

Low Intensity Developed, outside UGA 3438.3 1503.3 1629.7 1925.2

Total, outside UG4 17,280.4| 18,378.9] 19,136.2| 19,647.6

3 Bare Land, in UGA 415.3 243.2 81.6 100.7
Developed Open Space, in UGA 7942.1 8563.9 8919.3 8790.5

High Intensity Developed, in UGA 8077.5 7694.3 7760.8 7953.0

Medium Intensity Developedin UGA 45880.1| 47875.3| 48540.3| 48637.8

89.6% | Low Intensity Developed, in UGA 27910.3| 28184.1| 28723.1| 29760.4
of Tier 3 Total, in UGA 90,225.3] 92,560.8| 94,025.1| 95,242.4
in UGA | Bare Land, outside UGA 68.4 50.0 24.1 289.0
Developed Open Spacajtside UGA 1507.5 1955.6 2059.9 2034.4

High Intensity Developed, outside UGA 4808.0 4854.5 4849.6 4896.3

Medium Intensity Developed, outside U{ 26652.5 27966.7| 28878.9| 28742.1

Low Intensity Developed, outside UGA 9754.5 9552.1 9708.8| 10284.6

Total, outside UG4 42,790.9| 44,378.9| 45,521.3| 46,246.4

Il n our anal yses, bar e and is included i

from bare land to some other type of developed area would be miksadooking at foresto-
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developed area daf@hese change classes likely indicate areas that were cleared previously and
developedTable9). Of the3389 acres classified as bare latmhvertedo some form of
developmenin the most recent time frame of 2001 to 200@ bulk d this developmen{82
percentywas in twosubbasis: 147 acres in Evans an@1 acres in North Fork Issaqudlearly

all of this developmenivasinside the Urban Growth Area bound#&Bg3.5 of the 338.8cres)

Table 9.Conversion from bare land to developmeigaaes)in all of WRIA 8

Change Class 1991:1996| 19962001| 2001-2006
Bare Land to Developed Open Space 29.10 41.89 14.11
Bare Land to High Intensity Developed 2.20 98.55 80.92
Bare Land to Medium Intensity Developed 85.99 191.37 157.42
Bare Land to Lowtensity Developed 326.75 127.66 86.43

Total(acres) 444.0 4595 3389

Of the nonforest, norbarelandcover classes, ¢ coverclasses showing ¢hmost conversion
to developed areare grasslan(l728 acresand scrukshrub(241 acresareasThese converted
areas account fdr,292acres in the most recent time frame.

Impervious Area

The total area and percent of impervious area in each subbasin is presented @ 7Tiable

Appendix C Within Tier 1 subbasins, North Fork Issaquah showed theektgpverall rate of

changeit added an average of 21 acres of impervious area perfyeae other Tier 1 subbasins
added more than 10 acres per year: Upper Sammamish Valley (17), Lower Bear (16), and Lower
Sammamish Valley (11). In Tier 2, the Lowermfosubbasin added the most impervious area

per year (56 acres), followed by Upper North (32), Evans (28), and Little Bear (20). In 2006, all
but two Tier 3 subbasirtsad over 10 percent impervious area.

Table10 summarizes thampervious area in each of the three tiers, both inside and outside the
UGA.

Table 10.Impervious aregacres)in all of WRIA 8 by Tier, inside and outside the UGA

Location Tier 1991 1996 2001 2006
1 11,626 12,110 12,541 13,057
Urban (in UGA 2 9,326 9,917 10,663 11,497
3 38,977 40,020 41,058 42,153
1 2,261 2,390 2,434 2,488
Rural (outside UGA) 2 1,487 1,606 1,691 1,757
3 493 502 536 547

3.2 Riparian Area

All land coverclassesvithin eachl65foot-buffer grid-squarereachweretabulatedor each of
the eight subbasins in the riparian stfioly2005 and2009 {Table11). Three of four Tier 1
subbasins showealslight (less than fercen}increase in forest area; only Lower Bear showed a
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decreas€3.9 percen). However, all four Tier Subbasins examined in the riparian study showed
an increase in impervious surface in the riparian buffer. Two of the four Tier 2 subbasins had an
increase in forest from 2005 to 2009, and all four had an increase in impervious area.

Table 11.Percent of sampled rigrian buffer ineach of the five landtoverclasses2005 and
2009.Percentages are for the area withimpproximately 165feet on either side of

the stream.
# reaches % forest % shrub % impervious % water % other

Tier | Subbasin sampled | 2005| 2009 2005 | 2009 | 2005| 2009| 2006 | 2009 | 2005| 2009
Lower Bear 10 33.7 29.8 28.5 251 14.0 16.9 1.7 24 221 25.7

1 East Fork Issaquah 5 44.8 452 233 22.4 189 19.2 0.0 04 13.0 128
North Fork Issaquah 1 123 12.6 286 23.5 382 392 0.2 0.2 20.8 24.5
Upper Bear 8 517 52.4 30.6 25.4 4.6 49 2.0 4.2 11.2 131
Cedar North Rural 3 43.2 45.0 25.8 194 14.6 148 0.5 1.5 159 19.3

2 Evans 8 485 458 198 175 54 6.0 0.8 1.3 257 29.5
Lower North 10 31.3 323 26.9 25.5 19.7 212 09 2.3 212 18.7
Upper North 9 56.7 54.8 11.0 11.3 115 12.0 0.7 3.2 20.0 187

Land cover class data were summed for Tier 1 and Tier 2 reaches and grouped by whether the
area was inside or outside the Urbaioh Area (UGA (Table12). When grouped this way,
forest is decreasing in all groups, and impervious is increasing in all groups.

Table 12.Percent of areawithin an approximately 165foot buffer in each of the five land
cover classes in 2005 and 2009, groupediby.

UGA Year el Shrub Impervious Water  Other TOt"’.II acres

Tree in area

Tier 1| Inside 2005 29.1 27.1 20.4 1.4 22.0 91.2
2009 25.1 23.7 24.5 2.1 24.7 91.2

Outside 2005 45.4 28.5 10.2 1.3 14.5 248.4

2009 45.1 24.9 10.8 2.6 16.7 2484

Tier2 | Inside 2005 43.4 195 15.7 0.8 20.6 272.9
2009 42.9 19.0 16.7 2.7 18.7 273.1

Outside 2005 46.9 21.2 8.0 0.7 23.1 156.0

2009 45.7 17.6 8.5 1.4 26.8 156.0

Regulatory buffers for each jurisdiction present within the sampled arealeterinedTable
13), then only those grid squares falling fully or partially within the regulatory buffer were
included insubsequerdnalysis FigureD1(a-h) in AppendixD graphically depicts the
informationin Table13.
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Table 13.Acreswithin agencyappropriate regulatory bufferan each of the five land cover
classes in 2005 and 200§;oupedby jurisdiction within each subbasin.

forest/tree shrub impervious water other
Subbasin Jurisdiction | Buffer| 2005 2009| 2005 2009 | 2005 2009] 2005 2009 2005 2009
King County rural] 165 234 215 203 176 6.9 7.6 1.1 15| 143 17.7
Lower Bear -
King County UGA 115 3.4 3.3 1.9 1.6 0.9 1.0 - 4.3 5.0
City of Redmond 150 196 16.6] 176 157 9.3 127 1.2 1.8 9.6 106
East Fork Issaquah King County rural 165 31.8 320| 165 159| 134 136 0.0 0.2 9.2 9.1
N. Fork Issaquah City of Issaquall 100 1.4 1.6 3.2 2.4 2.7 28| 0.02 0.02 2.2 2.6
City of Redmond
Upper Bear 150 . . . 1.4 - - . 1. - A
PP (WatershedPreserve 3.0 3.3 2.1 0.8 0 0
King County rural] 165 542 546| 318 26.7 51 54 1.4 3.7| 125 145
Cedar North Rural King County rural 165 188 19.6| 11.2 8.4 6.4 6.4 0.2 0.7 6.9 8.4
Evans City of Redmond 150 0.6 0.4 0.5 0.6 - - - - 0.1 0.1
King County rural] 165 545 518 220 19.2 6.2 6.8 0.9 15| 29.2 335
City of Bothell| 100 6.4 79| 15.0 135 9.6 105 0.6 1.3 9.7 8.2
Lower North -
Snohomish County 150 33.0 325| 188 185 9.0 9.7 0.5 16| 11.6 105
SnoCo, inside UG| 150 6.4 5.3 2.0 1.7 3.0 34 - 0.1 1.9 2.8
Upper North -
City of Everett|] 100 10.1| 10.3 2.7 2.3 3.2 3.2 - - 2.4 2.5
City of Mill Creek] 75 28.0 | 26.3 5.0 6.6 10 1.2 0.8 2.6 8.9 7.1
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4.0. ANALYSIS AND DISCUSS ION

4.1 Basin -wide Analyses

The questions that are examined in this report, including how much change has occurred in forest
coverand indeveloped areayere instigated in order tevelopa greater understanding of

trends inforest protection iIWRIA 8, especially irareas considered important for salmon

recovery.In this section, we consider forest protection from two perspectives. First, we follow up
onanalyses performed as part of the Chinook conservation planning procéssusndnthose
basinsdentifiedby Leonetti et al. (2005p bemost atrisk for landcover changes detrimental to
salmon conservatiomhe remaining sectiordiscuss otheaspects ofland coverchange in the
watershed.

41.1 OAt -Risk 6 Basins

During the WRIA 8 Chinook conservation planning process, Leonetti et al. (2005) developed a
watershed evaation frameworkhat identified subbasirgely to bemost at risk fotand cover
change detrimental to salmon recovérgble 14. In most cases thepredictionswere based on

the projected change in subbasin impervious area and forested land savelt,as the

estimated change in riparian forested land cbweiTable 4 we consider those subbasins in the
context of theate of change (ROC) in acres per year for some of the parameters investigated for
this study.

Developed ArealableC-6 in Appendix Cshows the ROC in total developed area over the
entire periodor which C-CAP dataare availabl€1991-2006. However, it is useful to examine
the rate of change in the most recent five year interval {2006)to assesshe conditionof
those identifiedmost atrisk basinsThe wlumnn u mb e r & dablé A belowpresents ROC
data forboththe 20032006 timeframendthe entirel991-2006 timeframeln most instances,
the ROC in column 1 is greater for the enfig®1-2006periodthan it isfor the most recent
2001:-2006period Where the ROC for the most receetiodis higher than the longéerm

ROC (indicating an increase in rate of development in the most recent time pérasb figures
are in redext Those basins include Cedar Mairbdn, North Fork Issaquah, and East Fork
Issaquah in Tiet, and Rock, Evans, and Lower North Creek in Rier

Impervious AreaColumn2 displaysROC for thestrictly impervious datset 6ee Sectiol.1.2).

As with Column 1, Column 2 preseROC data for the 2062006 timeframe as well as the
entire1991-2006timeframe Where the ROC for the most recent time frame is higher than the
longerterm ROCfor impervious areahose figures are in red text.

Forest CoverColumn3 displays the percémrhange (%p for forest coverThese qvalues
were used taetermine what basins to examine in greater depth via the riparian(séedy
Section 2.3)Note hevaluesin column 3representhe 20012006 periodThe % qwalues were
divided into groups by looking at natural breaks in the overall distribution of theVidditmes

° Some subbasins (Cedar Main Urban, Cedar North Rural, Lower Bear, Evans, Little Bear, and Upper North and
Lower Notth Creeks) were identified as requiring restoration of degraded areas as well as protection of intact areas.
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between 0 anel.7 (or positive values) were labeled as low, values fib81t0-3.0 were
labeledmoderate, and any loss greater tha0 wadabeledhigh. All Tier 1 and Tier dasins

with 1.8 % qoor greater (therefore, those subbasins labeled moderate and high for percent loss of
forest areajvere examined in the riparian stytibecause those were the basins that had lost the
greatest proportionf their forested areas in the study period and therefore might be most at risk
of degradation via continued forest loBed text in column 3 denotes subbasins labeled most at
risk of degradation via continued forest loss

Riparian AreaData in columns 4nd 5 are from the riparian study, which used aerial photos
from 2005 and 2009. Specifically, these numbers are for thdt I@arian buffer Percent

change ishown for both impervious area (column 4) and forest/tree area (column 5).
Impervious area ereased overall in all sampled basins, whereas forest area increased in some
basins and decreased in othésy loss in forest is shown in red text in column 5. Note that
some jurisdictions have smaller regulated buffers than 165skeeS$ection4.2 below for

additional discussion.

Although this study and Leonetti et al. (2005) relied on different methods and cannot be
compared directly, our study appears to confirm that a number of subbasins they identified are
continuing on a trajectory that could réso future reclassification should a similar watershed
characterization be conductéedhat is, some areas classified as Tier 1 or Tier 2 mvghtant
downgrading tdlier 2 and Tier 3, respectively.

YUpper Issaquah had a %@ of 2.7 but was not examined
section.
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Table 14.Comparison of forest and development data for basins identified previously as mostsk for degradation Note that
these figures represent the entire basin and are not divided into urban and rural &edgextin columns 1 and @enaes
a higher rate of change (ROC) for most recent pecmupared to entire period; red text in column 3 denotes subbasins
labeledmost at risk of degradation via continued forest [ogsd red text in column 5 denotes loss of forest cover within

the ripanan area of 165 ft, regardless of regulatory context.

Subbasins identified as Based on €CAP data Riparian study*
Tier most atrisk of 1. Developed area RO( 2. Impervious ROQ o ® C2 N 4. Impervious 5. Forest/Tree
degradation (Leonetti et acreslyear, acresl/year, 2001-2006 area: n area: n
al. 2005) 20012006 (19912006) | 2001-2006 (19912006) 20052009 20052009
1 Upper Bear 16 (23.2) 8.0(7.4) -1.87 6.80 1.42
1 Cottage Lake 0.5 (14.8) 1.7 6.6) -0.43 NA NA
1 Lower Bear 15.5 (9.7) 15.7 (B.7) -2.23 21.04 -11.51
1 Cedar Main Urban 58.8 (2.1) 11.5(9.4 -0.78 NA NA
1 Cedar Main Rural 11.6 (B.3) 6.9 (7.8) -0.33 NA NA
1 Middle Issaquah 6 (46) 0.3 (Q9) -0.11 NA NA
1 North Fork Issaquah 63.7 89.5 44.6 (2A.2) -12.53 2.64 2.74
1 East Fork Issaquah 31.9 (B.2) 12.0(4.2) -2.02 1.85 0.78
1 Lower Issaquah 2.1 (111) 2.8 (7.8) -0.15 NA NA
2 Rock Creek 51.4 (4.0) 7.5 0.6) -1.13 NA NA
2 Evans Creek 75 67.2 42.8 £8.5) -3.30 10.4 -5.41
2 Little Bear Creek 11.1(45.5) 10.3 (D.0) -1.23 NA NA
2 Cedar North Rural 8.9 (10.3 7.9 (35) -1.81 1.17 4.07
2 Upper North Creek 28.6 (2) 311 (2.)) -5.38 4.69 -3.25
2 Lower North Creek 97 (71.4) 77.3 66.5) -12.11 7.20 3.10
3 May Creek 18.1 (30.9) 12.2 (14.4) -1.61 NA NA
3 Coal Creek 11.4 (21.3) 2.1 (6.8) -3.45 NA NA
3 Peterson Creek 7.8 (8.1) 4.6 (4.4) -1.97 NA NA
3 Upper Swamp Creek 40.3 (45.5) 40.1 (32.8) -10.55 NA NA
3 Lower Swamp Creek 26.3 (21.1) 21.6 (15.5) -7.66 NA NA
3 McAleer Creek 0.4 (4.7) 3.7 (5.8) -0.35 NA NA
3 East Lake Samm. 41.2 (73.3) 20.1 (37.4) -4.40 NA NA
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4.1.2 Forest Cover

One ofthe primary questionaskedn this analysis is how much forest is becanvertedo
developmentTo find the answeilgnemust examine change farest cover as well as change in
developmentFurther, bange may occur both temporally asmhtially Therefore, nobnly must
forest coveibe comparedcross the years of the study, boealsomustlook at where within
the basins forest is being lastgained A logical place to start iso dividesulbasirs based on
the Urban Growth Boundanjdditionally, the information can be sortéa@sed on Tiers.
Overall, forest cover in Tier 1 and Tier 2 areasde the UGAdeclined21 percent and 23
percentrespectively, between 1991 and 2@B&ure6).

Figure 6. Forest cover change inside the UGA based on C-CAP data.
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Approximately 25 percent (over 110,000 acres) of the land area in WRIA 8 lies in public
ownership. Outside the UGAgrge tracts of protected forastludethe Cedar RiveMunicipal
Watershedover 80,000 acresougar MountaimiRegional Park (over 3,000 acreahdSquak
Mountain State Parfabout2,000acres) If aprotectedarea as large as the Cedar River
Municipal Watershed (comprising abou Jercent of all Tier 2 forest cover in WRIA 8) were
included in our analysegs inclusioncouldmask losses unprotected area$herefore Figure
7 shows forest cover in each study year for areas outside thewit@Aand insidethe Cedar
River Municipal Watershedi.e., the Upper Cedar subbasiainoved from the analysiEven
with the exclusion of this substantial arelaange over the period frot991to 2006wastoo
small to reliably measurel percent and +2.9 percent in Tier 1 and Tiereas, respectively)n
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other wordsjn contrast to forestoverinside the UGAputside the UGA forest cover is not
detectably declining or increasimghen analyzed at this spatial scHle

Figure 7. Forest cover change outside the UGA based on C-CAP data. (Upper Cedar subbasin
removed from Tier 2 data.)
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Leonetti etal. (2005) mapped percent forest cover in three catedtesessthan @ percent20-40
percent, and greater than 40 pertefhhose categories were based on natural bpeaks in

thear data. In ordeto attempt to includan ecological indicatanto a similar mapping exercise

we added a break point at 65 percavttich is frequently used as a threshold below which
degraded stream conditiongthin the watershed are expected to od¢@aoth et al2002)

Percent of total forest acreage of each subldasieach of the four data years was mappaskd

on the data ifableC-1 in Appendix Cgenerallyfollowing the break points used in Leonetti et
al. (2005)with the addition of a break point at 65 pent The results of these calculations,
presented ifrigure8, show a change in category in 2@01-2006time period in five subbasins
(Upper North, Lower Swamp, Forbes, East Lake Sammamish, and Cedar North Urban). East
Lake Sammamish went from 85 percentforest to the 2@10 percentcategory. The other four
subbasins went from the 2@ percentforest category to less than @ércent These maps

illustrate in a very broad fashion where change in total forest area has occurred, but it does not
examine he type of forest lost or conversion that is occurring.

1 Given the basiwide spatial scale used in this portion of the analysis, losses in forest cover in one area may be
masked by offsettingainsin another area.
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Overall, the most recent period (20R2@06) saw @mallerchange in forest cover compared to
earlier periods (see TableZ; Appendix C). This decline in the amount of change may result

from a number of factors, including stronger protective measures, a declining relative amount of
forest cover to lose (the rabé forest conversion declines as an area approaches buildout), or a
weaker economic climate. The East Fork Issaquah and Lower §iibasins weréwvo

exceptions to this trend, as these areas saw increases in percent change in the latést period.
mostareas in the watershed, the majority of forest cover loss in these two subbasins during this
period occurred where land conversion is direttetside the UGA boundaries.
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Figure 8. Percent of forest per basin. Black dots within basins indicate those basins that changed
categories from the previous data year. See text for explanation of categories.

Forest Percent

[ | Less than 20%
[ J20to40%
[ 40toes%

B Greater than 65%

Evergreen Forest

Generally speaking, mature evergreen forest is indicative of condjligdsologic and
otherwise)prior to European settlemeintthe PugeSound region (e.g., Kruckeberg 1991;
Collins et al. 2003)Thereareexceptions to thigeneraltatementas many river flood plains in
the PugeBound lowlandsilso includedigh proportions ohardwoodgCollins et al. 2008
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However in generalconiferous forests dominatetie PugeSound lowland®efore western
settlementand even in flood plains, conifers provided the majority of biorfaskins et al.

2003.

Given the ecological importance wiature evergreen foresbver, retaining (or restoringt is
considered to be one of the most protective actions that can be tal&1An8 to help restore

salmon populationdf forest cover is beingonvertedrom mature evergreen forest to deciduous
forest,this changeould be a significant indicator ohangingwatershed conditiothat would be
missed if we lumped all forest classes together. So in order to not miss this potentially significant
indicator,we extracted evergreen data to examine separgialjie G4, Appendix §. Note that
although GCAP does not differentiate between age classes of evergreen forest, it may still be
useful to have a greater understanding of gains and losses of evergreen forest in WRIA 8.

Outside the UGA, two Tier 1 subbasins showed an increase in evergreen forestac{E3dje

- 2006): East Fork Issaquah (1.7 acres/year) and Lower Issaquah (0.7 acres/year). All other Tier
1 subbasins showed a loss of evergreen forest acres pewithddpper Bear showing the

greatest loss at 9.5 acres/yedt Tier 2 subbasins outsedthe UGA showed a loss of evergreen
forest, with the exception of the Upper Cedar, which is almost entirely protected from logging;
the Upper Cedar gained over 2,200 acres of evergreen forest across the studysperiod
previously loggeebver and replantestands matured

The results of thanalysis show there has been a declining net gain of evergreen forest outside
the UGA with the most recent period showing a net lossvierallevergreeriorest covefor the

first time (refer to Table 6 in Results sectioA)very large percentage of the net gain in all
periods was from the Upper Cedar subbasin (which comprises the Cedar River Municipal
Watershed)Of the 2127 acres iavergreen foregjainin the first periog 1589acres wergrom

the Upper Cedain the second period, 832 of the 1178 aofesvergreen forest gaimerefrom

the Upper CedgTable15). In 2006, 75.1 percent of the Upper Cedar subbasirciaasified as
evergreen foresGains in the Upper Cedar ateereforemasking the real story, which is loss of
evergreen forest cover throughout the watershed.

Table 15.Change iracres ofevergreen forestshowing area outside the UGAncluding the
Upper Cedar Basirand total area(modified from Table 6)

Type of Changg Location | 1991-1996| 1996-2001| 2001-2006
OutsideUGA -917 -954 -229
Evergreen los: Upper Cedal -210 -27 -5
Total area -2630 -2120 -767
CutsideUGA 2127 1178 118
Evergreen gaif Upper Cedal 1589 832 94
Total area 2172 1202 123
Cutside UGA 1209 223 -111
Net change Upper Cedal 1379 805 90
Total area -458 -918 -644
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Forest Conversion

We use lhe change data &stimatehow much area of any givéand coverclass underwent
conversion to another class between photo years. These three dag&k1996, 19962001,
and 200312006)showone facet ohow the landscape evolved from one time period to the next.

The totalamount ofconversiorfrom oneland coverclass to anothewas highest in the firgime
interval (1991:1996), with 9.6 percent of the subbasins changing from oneclaret type to
another Table16). Thelowest total change was in the most re¢ame interval (20012006),

with 7.9 percent of the basin changicmyer classThe cause for this decrease in the rate of
change is unknown, but could include economic cycles, more protective land use and zoning
rules, or other factors.

Table 16.Summary of forest and elveloped area conversion in acres across WRIA 8 in each of
the three time periods.

19911996 19962001 20012006

Total amount of area in datase 388,285 388,285 388,285

Total areaconverted from any coverclass 37398 32687 30,828
to any other (9.6%) (8.4%) (7.9%)

4,865 4,823 2,624

Total forest converted to anyther class (1.3%) (1.2%) (0.7%)
5,38 3,817 3,344

Any class converted to developed are (1.4%) (1.0%) (0.9%)

‘ 3,901 3,096 2,052

Total forest converted to developed are: (1.0%) (0.8%) (0.5%)

Change data may be used to determine how much forest was converted to developed area within
a giventime period(e.g., 20012006). W& cannot assume a singtirecttransition of coniferous

forest to development will always be the casthin asingledataset, because development often
does not occur that rapidly. A transition sequence nggtitomconiferous forestfor example,

to shrub,to developmentand in this instance the fora@stdevelopeeareatransitionwould not

be detected. As arxample, Tier 1 basins lost 726 forest acres from 2001 to 2006, but only 421
acres were converted to development within that period. Therefore, thetéedestelopeearea

analysis should be considered a subset of forest areas transitioning to development

Figure 9graphically depicts the change data presented in Tablan Appendix C The figure
illustratesthatthe amount othange from frest to developed area decreaseerall in all Tiers
in each of the three periods9011996, 19962001, and 2002006). Conversion from forest to
developed area is lowest in any given period in Tier 1 and greatest in Tier 3.
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Figure 9. Forest to developed area by Tier, based on C-CAP change data presented in Table 4.
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Wheread-igure 9shows overaltrends in loss of forest to developed afégure 10combines
total gain in developed area with forest lost to developedtargg@w how much gain in
development was from forested areas.

Figure 10. Acres of gain in developed area, by Tier, based on C-CAP data. Bar inlays show acres

of forest converted to developed area.
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4.1.3 Development

In order to better understand the information on development and impervious areas, it is useful to
considerthetotal area comprised by each Tier, as well adithetionof each Tier inside the

UGA (Tablel7). Tiers 2 and 3 are close to the same sizetal tirea, but Tier 3 is almost 90

percent withirthe UGA (over 129,000 acres). The amount of acreageeo 1 and 2 within the

UGA are quite similar at approximately 36,000 to 37,000 aditesareaof Tier 2 outside the

UGA is heavily skewed by the UppCedar subbasin, which accounts for over 82,000 acres (55
percentf total area and approximatelf percent of forested argim Tier 2.

Table 17. Acreage per Tier and in the UGA.
percentage of| acreage of tier
Tier total area| basinsin UGA in UGA
1 94,570 39.1 36,977
2 149,062 24.1 35,924
3 144,653 89.6 129,609

*Tier 2 total acreage includes the Upper Cesldybasinwhich accounts for 82,078 acres 55% of Tier 2 area

Developed Area

Fivelandcover | asses compr i $Feurdild)dhisdidure plustchtedhat il allo
three tiergfor 2006) there is more highand mediumintensity developethnd cover isidethe
UGA than outsideand that more acreagélow-intensity developed land covexistsoutside

the UGA inTiers1 and 2. These flerences are masked when all five land classes are lumped
together.

Within the Tier 1 subbasins, development appears to be increasing most rapidly in the North

Fork Issaquah subbasin, which had an average increase in developedarbaaks/year

(Tade C-6, Appendix Q. This change equated t®@ percent of the basin being in developed area

in 1991 and 46 percent of the basin in developed area by ROOGmparisonthe three basins
showingthe nexthighestincrease in developed area amver Bear, Cedar Main Rural, and

Cedar Main Urban (0.38, 0.37, and 0.36 percent per year, respectiualgpt forthe Lake

Union subbasinwhichremainedat 87 percent developed atbaoughout the study peripthe

least amount of increase in developeda in Tier 1 subbasins was in the Fifteenmile subbasin

(with 0.63 acres/year, or 0.02 percent of the basin per year). Middle Issaquah and Upper
Issaquah were the next lowest, both with approximately 5 acres/year increases in developed area.

Within Tier 2, no subbasins showed an average incrieageveloped areaf greater than 1

percent per year. However, some of the basins are larger than others, and despite the relatively
low change in percent, five subbasins showed an average of over 40 acres peingezsased
developed ared:ower North (71 acres/yeattvans (57 acres/yealb)ittle Bear (46 acres/year),
Upper North (42 acres/year), aRock @1 acres/year)On the other hand, Walsh Lake subbasin,
which is only at 5 percent developed area, shcaveihcrease dess than hcreperyear(0.2
acres/yeatr)

Tier 3 subbasins are generally the most developed in WRIA 8: almost 90 percent of the area of
Tier 3 is within the UGA. These subbasins range from 20 to 90 percent developed area, with an
average of 66 percent in developed area in 2006, and an averagsénicr developed area of 17
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acres/year. In 200&ast Lake Sammamish was at 52 percent developed area in 2006 (up from
41 percent in 1991), and increased at an average rate of 73 acresigegreatest increase in
any Tier 3 subbasin.

For specifics oreach subbasin in WRIA 8, refer to Takles in Appendix C

Figure 11. Developed area categories by Tier for study year 2006, based on C-CAP data.

20,000.0
Tier1
10,000.0
e HoeR
0.0 i non-UGA
Bare Land Developed High Medium
OpenSpace Intensity Intensity Inten5|ty
Developed Developed Developed
20,000.0
Tier 2
10,000.0
HUGA
0.0 — e
i non-UGA
Bare Land Developed High Medium Low
OpenSpace Intensity Intensity Intensity
Developed Developed Developed
60,000.0
50,000.0
40,000.0 .
Tier 3
30,000.0
HUGA
20,000.0 i non-UGA
10,000.0
0.0 —
Bare Land Developed High Medium
OpenSpace Intensity Intensity Inten5|ty
Developed Developed Developed

Impervious Area

The valuesn TableC-7 in Appendix Cwere summed by basand mapped in three groupings in
Figure 12 less than 10 percent impervious (meant to reflect high watershed condition), 10 to 30
percent (mediungondition), and greater than 30 percent (low conditidbah and 30 percent
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were chosen as the break poirddwing Leonetti et al(2005) Figure 12 illustrates the amount
of impervious surface area in each basin in each of the study periods based@fBrdata.

Using impervious area data (rather than developed area land cover classifishoohd e a

more comprehensive assessment efamount of impervious surfacethre basin than the
developed area assessment for two reasons: (1) because this measure is indepentiamd of the
coverclass, and (2) because the percentages of impervious surface are estimates of how much
impervious areg in each cell, as opposed to using a large range of impervious surface defined
by cover classes.

As mentioned in the Methods section, the 1991, 1996, and 2001 impervious data did not include
pixelsrepresentingess than 20 percemhpervious areaPixds are 98 by 98 feetherefore, any

pixels with fewer than 920.8ft? (0.04 acres) of impervious area were not tabulathd.019

percent impervious data was included in2006 dataset; however, it was removedun

analysis in order to make companscsuch as iffigure 12 In 2006, an average of p2rcent of
impervious area per basin was in pixels containing less2Bgercent impervious area. This
amount of impervious area equates to an average of 1.6 percent of total basin area.
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Figure 12. Amount of impervious area in the subbasins. Dots within basins indicate those basins that
changed categories from the previous data period.

[ Less than 10%
[ ]10-30%
- More than 30%

Developed area is based upon 5 taoder classifications (none of which are assumed to be 100
percent impervious)vhereas impervious area can occur in any land cover Eligsse 13
illustrates, by Tier, developed area and impervious area inside adeotlte UGA for each of

the four study year&efer back td-igure 11for compositionof developed area in each Tier.

King County 33 July 2011



Land Cover Change AnalysisWRIA 8

Figure 13. Developed area and impervious area inside and outside the UGA for each of the study
years, grouped by Tier. The charts are sized differently to attempt to relay a similar scale.
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4.2 Riparian Area

In those subbasins showing the greatest percentage of forest cover loss between 2001 and 2006
using GCAP data, we selected a random sample of stream reaches for closer examination. This
component of the study was performed at a finer spatial scale thiaasinwide analysis in

order to estimate changeriparianareas with greater confidence. In total, we analyzed 54

stream reaches comprising about 22 percent of the sddesnng length of each stream.

4.2.1 Photo Interpretation

Several potential sources @ror were encountered during orthophoto interpretation, including
change of resolutioaf imagery usedchange of stream shape, and shift of photo angiaato
registration.

The imagery was captured over several months, a process that resultécembi®t/ariation in
vegetation in many of the composites. Shifts in photo angle and registration of the 2009 images
were mentioned in the results section. There are many example of misalignment along the seam
lines of the sector tiles. Because the neweges are not true orthophotos and are instead
composites of sector tiles, the registration of future imagery may also not match up with the 2009
imagery.These challengegndeed squareto-square comparison impossible smme subbasins
analyzed irthis reportand will affect comparisons otential future studies.

Regarding resolution, the 2005dot resolution was consistently challenging to make land cover
determinations from, and the 2009n@h resolution, although much better than tHedt
resoltion, was also occasionally challenging.

Streansinuosityi and therefore reach lengths expected to change as channels shift in their
floodplain as channels are straightened either directly or indirectly as the result of development
and asstream retoration projects are constructdlieasured stream miles differed between 2005
and 2009 Table B). In addition to changing sinuosity, mapped reach lengths may vary because
of mapping mistakes.

Table 18.Total reach length in subbasins based upon 2005 versus 2009 orthophotos.

2005 Length 2009 Length
BASIN (feet) (feet)
East Fork Issaquah 35,010 35,635
Evans 61,068 61,492
Lower Bear 97,233 101,717
Lower North 71,196 70,593
North Fork Issaquah 9,629 9,416
Taylor 20,953 22,584
Upper Bear 53,468 56,877
Upper North 64,514 64,770

4.2.2 Forest Cover and Impervious Area

Forestcoverwas lost in some basins and gained in oth&fithin Tier 1 subbasins, Lower Bear
showed 8.9 percentoss in forest in the riparian area between 2005 and 2009, whereas the other
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Tier 1subbasins all showed a very small overall dbaas than bercen). Within Tier 2
subbasins, two showed gain and two showed loss of forest cover.

Impervious area increased in silitbasinsn the riparian studyThe greatest increase observed
was in Lower Bear in Tier 1, followed by Lower North in TielF2r Lower Bear, both the
impervious area increase and forest cover decrease we documented appeared to be heavily
influenced by development the riparian zonen one reach; subsequent investigation found that
this development was permitted under prior (vested) sensitive areas rules. Currembuldes

have been monestrictiveand would likely have resulted in the retention of more forest cover
and less impeigus area.

Water as a cover class increased overall from 2005 to 2009 in all basins except one, which
showed no change. There are several possible reasons for this consistent increase, including:

1. Identifying water in a forested area was more challengirig tive 2005 orthophotos
because of the lower resolution. If there was a question whether something dark in the
forest was a foresbrspadseswivdsghoseem@heupoinfor e
2. Beaver activity has been reported to be on the increase in masyiRMRIA 8, so it is
possible some of the increase in open water a result of beaver dams.
3. Rainfall may have been higher preceding the shooting of the 2009 orthophotos.

Shrub cover decreasémm 2005 to 2009 all sulbasins except Upper North Creeakd
Aot herdo showed a mix of increas.e in some subb

A rough idea of how basigscale datdC-CAP) compares téthe more specificiparian data
(handcharacterizedinay be informativeBecause riparian areas g@mtected through
regulationsin theorythe results should show a higher percentage of forest and a lower
percentage of impervious aredlne riparian areathan in the basins as a whateowever,with
few exceptions, that is not what we ¢&able19). Uponcloser inspetion, it appears thatuch
impervious area in riparian zones are the resutbads built close to streantor example, East
Fork Issaquah Creek is frequently within 165 ft of Inters@@tdt might be a worthwhilduture
exercise to determine how maofyWRIA 8 salmonrbearing stream miles are within 165 ft of
roads, which will presumably not be removAdcursory set of calculations reveals that
approximately 27.9 percent of tldinookcoho reaches in WRIA 8 are 165 feet or closer to
mapped roads.
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Table 19.Percent of 165-ft riparian buffer in forest cover and impervious surface, 2005 and 2009,
compared with 2006 C-CAP data.

Forest Impervious
Riparian Study GCAP Riparian Study GCAP
2005% 2009% 2006.% ALY 2005% 2009% | 2006% .2006%
. . forestin % Prest || . . imperv.
Tier Subbasin forest forest basin | in buffer imperv. imperv. | devel. in basin
1 Lower Bear 28.82 25.51 31 2.8 11.97 14.49| 53 18.61
1 East Fork Issaquah 37.77 38.07 82 1.6 15.91 16.20| 13 4.77
1 North Fork Issaquah 10.27 10.55 43 0.5 31.92 32.77| 46 17.69
1 Upper Bear 44.20 44.83 63 2.9 3.91 4,18 26 5.68
2 Cedar North Rural 36.58 38.07 48 1.5 12.35 12.50| 32 6.53
2 Evans 41.12 38.89 41 1.7 4.60 5.08| 42 11.51
2 Lower North 26.58 27.40 27 1.3 16.74 17.95| 67 27.21
2 Upper North 47.85 46.29 19 2.2 9.68 10.13| 73 33.67

One of the primary reasons for conducting the riparian analysis was to obtain a more detailed
understanding dand covelin riparian areas than can be ob&lwith GCAP classification

data The column inTablel9t i t | ed 1200 6f t% bfuofrfeesrto isnh olwes5 h o w
identified in the GCAP dataset withithe 165foot stream buffer; these numbers are clearly not
representative of how much forest is actually presere.finer resolution of the ripariatudy

allowed us to capture small features and patches of habitat that are subsumed by other land cover
classes with the {€CAP data. Aothercase in point is water, which is proportionally greater in

area in the riparian study.

Although forest was lost ithree ofthe eight subbasinthat were examineih the riparian study
not all loss of forest equated directly to gain in impervious area. Some natural processes were in
evidence, including stream channglyration Observed reasons for change in ripaf@est
cover include:
1. An areawascleared and developed.
2. A flood eventor natural channel migraticaltered a stream or wetland corridor.
3. Dead trees fell and created a clearing.
4. Small trees interpreted as shrubs in 2005 grew into discernable trees by 2009

4.3 Conclusions

In general, forest cover insidee Urban Growth Area boundaridsclined throughout the entire
study periodthough at a slower rate in the latest period (22006) Outside the UGAforest

coverin aggregate declined at a rate too smatkti@mbly quantify. All subbasins in WRIA 8

showed an increase in developed area from 1991 to 2006. Similar to the slowed trend in forest
loss, the trend of increase in developed area slowed in the most recent time perie2DE)01

Althoughthecontinwedloss of forest cover inside the UGA is predictaideauselevelopment
is directedinto those areas, the riparian area analysis showsdheriparian areatost forest
cover and all gained impervious cover between 2005 and Z688e changeasdicate that more
protective actionsr more creative solutiomeay be necessatyg maintain thesareasn a state
that supports natural stream dynamics and salmon conservation
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Although it was beyond the scope of this project to investigate the particular reasons for forest
cover loss and impervious cover gain in these potensaligitiveecological areas, much of the

change appeared to be the result of two phenomena: (1)artiatis by many individual private

|l andowners, and (2) at | east one | arger devel
development rules (and therefore not subject to the most recent critical areas protections).

These observations suggest at leastdategories of actions that might be useful to improve
protection of riparian areas as part of a larger strategy: (1) targeted outreach activities focused on
improving stewardship of stream areas on private property, and (2) activities geared toward
identifying important riparian areas subject to vested development rights, and working with
property owners to find acceptable means of protecting and improving riparian function in those
areas.

4.4 Possible Next Steps

The analyses in this report suggest furtheegtigation may be warranted into whether there has
been a shift in the conservation geography of Chinook salmon from that delineated in the 2005
Chinook Recovery Platwe recommend that possible implications of these analyses on current
WRIA 8 Plan strateigs, including prioritization of populations or Tier areas, should be
considered by the WRIA 8 Technical and Implementation Committees.

The results and analyses presented in this report generate many additional questions that might
be useful to address subsequent studies or reports. The following topics are just some
examples of possible future questions to examine:

¢ |s there additionahformation about what is causing the increasmcreased impervious
areain theriparianbuffer (legal activitiescompliance issug etc.p
e Is the increase in impervioaseain the riparian buffeseen across all areasthin the
subbasin®r is it concentratedlif it is concentrated in certain areas, what is the reason in
those areas? (Localizedajordevelopmenproject®)
e Are small streams more likely than rivergiwfloodplainsto show an increase in
impervious area within the buffer? Is there an increase in impervious area in regulated
floodplain®
e Isimpervious area within riparian bufferslated to jurisdition? If so, is it becausef
differing regulationsor levels ofenforcement?
¢ How might results from this study lead to direct recommendations that Recovery Council
might use? Example: If acres of forest cover in regulated buffers is decreasing (py nearl
2 acres/year in sufampled areas), by inference, how mtphrian restoratiomns needed
on average per year to maintain no net loss in all Chinook/coho reaches, (which assumes
no other new regulatory protective or voluntary outreach effortstareed)?
e | f new results ontiysharadgasecdompar @@ 1tlo i@l
evaluation, which kadc&toi amsd mcoawm/ aroe sma shte ft
strategy address these areas or coffcept
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Coastal Change Analysis Program (&CAP) Land Cover Classes

Attributes are as follows(asterisk indicateslassifications are not found in WRIA 8 during the
periods under investigati@n

0 Background

1 Unclassified (Cloud, Shadow, etc)
2 High Intensity Developed

3 Medium Intensity Developed
4 Low Intensity Developed

5 Open Space Developed

6 Cultivated Land

7 Pasture/Hay

8 Grassland

9 Deciduous Forest

10 Evergreen Forest

11 Mixed Forest
12 Scrub/Shrub

13 Palustrine Forested Wetland

14 Palustrine Scrub/Shrub Wetland
15 Palustrine Emergent Wetland

16 Estuarine Forested Wetland*

17 Estuarine Scrub/Shrub Wetland*
18 Estuarine Emergent Wetland

19 Unconsolidated Shore

20 Bare Land

21 Water

22 Palustrine Aquatic Bed
23 Estuarine Aquatic Bed
24 Tundr&

25 Snow/Icé&

Sources:
A =NLCD 2001 Land Cover Class Definitions, 2004p://www.mic.gov/nlcd_definitions.asp

B = Dobson, J. et al, NOAA Coastal Change Analysis Progra@A€): Guidance for Regional
Implementation, NOAA Technical Report NMFS 123, U.S. Department of Commerce,
April 1995.

1 Unclassified
This class contains rdata due to cloud conditions or data voids.
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2 High Intensity Developed

Contains little or no vegetation. Includes highly developed areas where people reside or work
in high numbers. Examples include apartment complexes, row houses and commerstiadfindu
Impervious surfaces account for 80 to 100 percent of the total cover.

3 Medium Intensity Developed

Contains substantial amounts of constructed surface mixed with substantial amounts of
vegetated surface. Includes areas with a mixture of martetl materials and vegetation.
Impervious surfaces account for-30 percent of the total cover. These areas most commonly
include singlefamily housing units.

4 Low Intensity Developed

Contains substantial amounts of constructed surface mixedgubttantial amounts of
vegetated surface. Includes areas with a mixture of constructed materials and vegetation.
Impervious surfaces account for-20 percent of total cover. These areas most commonly
include singlefamily housing units.

5 Open Spaces Bveloped

Includes areas with a mixture of some constructed materials, but mostly vegetation in the form
of lawn grasses. Impervious surfaces account for less than 20 percent of total cover. These areas
most commonly include larget singlefamily housng units, parks, golf courses, and vegetation
planted in developed settings for recreation, erosion control, or aesthetic purposes.

6 Cultivated Land®

Includes herbaceous (cropland) and woody (e.g., orchards, nurseries, and vineyards) cultivated
lands.

7 Pasture/Hay'

characterized by grasses, legumes or gexgames mixtures planted for livestock grazing or
the production of sees or hay crops.
8 Grassland®

Dominated by naturally occurring grasses and-g@sses (forbs) that are nottiiezed, cut,
tilled, or planted regularly.
9 Deciduous Forest

Includes areas dominated by single stemmed, woody vegetatimanched 0.6 to 1 meter (2
to 3 feet) above the ground and having a height greater than 5 meters (20 feet).
10 EvergreenForest®

Includes areas in which more than 67 percent of the trees remain green throughout the year.
Both coniferous and broddaved evergreens (greater than 5 meters) are included in this
category.
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11 Mixed Foresf

Contains all forested areas imieh both evergreen and deciduous trees (greater than 5 meters)
are growing and neither predominate.

12 Scrub/Shrul®

Areas dominated by woody vegetation less than 5 meters in height. This class includes true
shrubs, young trees, and trees or shtbhasare small or stunted because of environmental
conditions.

13 Palustrine Forested Wetlan8

Includes all nortidal wetlands dominated by woody vegetation greater than or equal to 5
meters in height, and all such wetlands that occur in tidal areasich salinity due to ocean
derived salts is below 0.5 parts per thousand (ppt).

14 Palustrine Scrub/Shrub Wetland

Includes all noftidal wetlands dominated by woody vegetation less than or equal to 5 meters
in height, and all such wetlands thatocin tidal areas in which salinity due to ocetarived
salts is below 0.5 ppt.

15 Palustrine Emergent Wetland

Includes all nortidal wetlands dominated by trees, shrubs, persistent emergents, emergent
mosses, or lichens, and all such wetlandsdbetir in tidal areas in which salinity due to ocean
derived salts is below 0.5 ppt.

16 Estuarine Forest Wetlan&

Includes all tidal wetlands dominated by woody vegetation greater than or equal to 5 meters in
height, and all such wetlands that ockutidal areas in which salinity due to ocederived salts
is above 0.5 parts per thousand (ppt).

17 Estuarine Scrub/Shrub Wetland

Includes all tidal wetlands dominated by woody vegetation less than or equal to 5 meters in
height, and all such wetids that occur in tidal areas in which salinity due to ockaived salts
is above 0.5 ppt.

18 Estuarine Emergent

Characterized by erect, rooted, herbaceous hydrophytes (excluding mosses and lichens) that are
present for most of the growing seasomost years. Perennial plants usually dominate these
wetlands. All water regimes are included except those that attedsliand irregularly exposed.

19 Unconsolidated Shorg

Characterized by substrates lacking vegetation except for pioneeritg) ghlainbecome
established during brief periods when growing conditions are favorable. Erosion and deposition
by waves and currents produce a number of landforms, such as beaches, bars, and flats, all of
which are included in this class.
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20 Bare Land

Composed of bare soil, rock, sand, silt, gravel, or other earthen material with little or no
vegetation.
21 Water®

Includes all areas of open water with less than 30 percent cover of trees, shrubs, persistent
emergent plants, emergent mosses, oefish
22 Palustrine Aquatic Bed

Includes wetlands and deepwater habitats dominated by plants that grow principally on or
below the surface of the water for most of the growing season in most years.
23 Estuarine Aquatic Be®

Includes widespread drdiverse Algal Beds in the Marine and Estuarine Systems, where they
occupy substrates characterized by a wide range of sediment depths and textures. They occur in
both the suliidal and intestidal Subsystems and may grow to depths of 30 m (98 feet). This
class includes kelp forests.
24 Tundra®

Includes treeless cover beyond the latitudinal limit of the boreal forest iwanteregions
and above the elevation range of the boreal forest in high mountains.
25 Snow/Ic&

Includes persistent snoand ice that persist for greater portions of the year.
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Comparison of C-CAP and Simmonds et al. (2004) forest cover data
for 2001.

The Leonetti et al. (2005) report used forest cover from the dataset used by Simmonds et al.
(2004), which in turn useldnd coverclassifications from Purser et al. (2003). At first glance, the
forest cover per basin for a given year (2001, for examplég¢y wildly from the forest cover in
the GCAP dataset. But upon further examinatithg primary dferences arecaused by

different landclassificationsacross characterization methods

ThePurser et al(2003)classificationsystem includes foutifferent cover classes with forest,
with an emphasis on evergreen forest

1- Mature evergreen foredtlydrologically mature and contributes to large woody

debris (LWD) which is likely to be in excess of 60 cm in diameter and 15.2 m in length.
Overlay anafsis with Forest Service stand age data defines this class as being at least
100 years old.

2- Medium evergreen foredtlydrologically mature and does not contribute to LWD,

but contributes to woody debris which greater than 10 cm in diameter and 2.0 m in
length. Overlay analysis with Forest Service stand age data defines this class as being
27 to 99 years old.

3- Deciduous Standsiydrologically mature and in most cases does not contribute to
LWD, but contributes to woody debris which greater than 1@nhcdiameter and 2.0 m
in length.

4- Shrubs and small treeldydrologically immature, but may provide small amounts of
woody debris which is greater than 10 cm in diameter and 2.0 m in length; contains
scrub/shrub, vegetated clearings, industrial forgstrags.

The GCAP forest data, based on Dobson et al. (1995), include three forest cover classes, and
their distinction is forest type: mixed forest, eveggrdéorest, and deciduous forest. All classes
are presumed to be at least 5 meters in height (soegeessarily mature). The definitions of the
three forest cover classes iRGAP include:

Deciduous Forestncludes areas dominated by single stemmed, woody vegetation un
branched 0.6 to 1 meter (2 to 3 feet) above the ground and having a heighttigagater
5 meters (20 feet).

Evergreen Forestncludes areas in which more than 67 percent of the trees remain
green throughout the year. Both coniferous and bleaded evergreens (greater than 5
meters) are included in this category.

Mixed Forest Cortains all forested areas in which both evergreen and deciduous trees
(greater than 5 meters) are growing and neither predominate.

To be able to compare the forest cover from the two disparate datasets, some amount of combing
of cover classes is necessd®ge Table 8.
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Table B1. Comparison of C-CAP and Simmonds et al. (2004) forest cover data for 2001.

C-CAP data for 2001 Simmonds et al. (2004) data
for 2001
shrub/
Combined small
forest | shrub | Wetland shrub, | Mature trees | Combined
% of % of % of | forest, and | Forest % of | shrub and
Tier Subbasin basin basin basin wetland (%) basin forest
1 Cedar Main Rural 63 3 2 69 46 23 69
1 Cedar Main Urban 36 3 5 44 21 26 47
1 Cottage Lake 49 2 5 56 28 31 59
1 East Fork Issaquah 83 3 0 87 64 21 85
1 Fifteenmile 89 3 1 92 61 30 91
1 Lake Union 3 0 0 3 1 4 5
1 Lower Bear 31 3 7 41 19 23 42
1 Lower Issaquah 69 2 6 77 52 24 76
1 Lower Sammamish Valley 33 1 3 38 17 22 39
1 Middle Issaquah 65 5 6 76 42 32 74
1 North Fork Issaquah 49 4 4 57 31 23 54
1 Upper Bear 64 3 6 72 43 28 71
1 Upper Issaquah 78 5 3 86 49 35 84
1 Upper Sammamish Valley 17 2 5 24 8 19 27
2 Cedar North Rural 49 6 6 60 31 32 63
2 Evans 42 4 0 56 29 27 56
2 Kelsey 20 1 2 23 13 24 37
2 Little Bear 47 2 3 52 26 26 52
2 Lower North 30 1 5 36 15 22 37
2 Mercer Slough 9 1 2 32 7 25 32
2 Rock 65 12 3 80 45 33 78
2 South Kelsey 14 1 7 21 7 21 28
2 Upper Cedar 82 12 1 94 78 13 91
2 Upper North 20 1 5 26 10 20 30
2 Walsh 86 1 3 91 76 15 91
3 Cedar North Urban 24 1 1 26 11 21 32
3 Cedar South Urban 26 1 2 29 16 18 34
3 Coal 49 1 1 50 21 33 54
3 East Lake Sammamish 41 2 4 47 26 26 52
3 East Lake Washington 24 1 2 27 12 18 30
3 Forbes 20 1 4 25 10 23 33
3 Green Lake 5 0 1 6 1 7 8
3 Juanita 18 1 2 22 6 21 27
3 Lower Swamp 20 1 5 26 8 20 28
3 Lyons 25 0 1 26 12 22 34
3 May 51 3 2 56 28 28 56
3 McAleer 13 0 1 14 6 17 23
3 McDonald 62 3 3 68 36 31 67
3 Mercer Island 30 1 2 32 9 24 33
3 Nearshore 28 1 2 31 11 16 27
3 North Lake Washington 19 0 1 20 6 17 23
3 Peterson 60 6 8 74 39 31 70
3 Thornton 9 1 0 10 3 13 16
3 Tibbetts 73 1 2 77 42 35 77
3 Upper Swamp 23 1 3 27 10 19 29
3 West Lake Sammamish 25 1 1 27 15 24 39
3 West Lake Washington 10 0 1 11 4 8 12
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Results tables from the C-CAP analysis.
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TableGL1. Total area and percent of forest cover in subbasins in each of the four periods of analysis, percent cBange (

between periods of analysis, and overall percentchangeC2 NBa ¢ Ay Of dzZRSa 9QOSNANBSY C2NBail:z
classifications from CAP program data. Negative values represent areas that lost forest cover during the panous {) sign in

the percentchange column indicates forest was lost; a positive number indicates an increase in forestuhithsin.

1991 1996 2001 2006
Total %, % mp, % o, % o,
Acres in Forest 1991 to Forest 1996 to Forest 2001 to Forest 1991 to
Tier ID  Subbasin Subbasin Acres % 1996 Acres % 2001 Acres % 2006 Acres % 2006
1 1 Cedar Main Rural 4917.71 3251.60 66 -3.58 3135.19 64 -0.61 3116.01 63 -0.33 3105.87 63 -4.5
1 2 Cedar Main Urban 8929.40 3413.43 38 -3.30 3300.77 37 -2.88 3205.74 36 -0.78 3180.83 36 -6.8
1 3 Cottage Lake 8356.10 4290.71 51 -1.96 4206.49 50 -1.84 4129.10 49 -0.43 4111.24 49 -4.2
1 4 East Fork Issaquah 6054.32 5129.19 85 -1.14 5070.54 84 -0.52 5044.08 83 -2.02 4942.22 82 -3.6
1 5 Fifteenmile 3082.95 2787.28 90 -0.02 2786.84 90 -1.91 2733.48 89 0.46 2746.05 89 -1.5
1 6 Lake Union 8962.76 236.35 3 0.00 236.35 3 0.00 236.35 3 0.00 236.35 3 0.0
1 7 Lower Bear 5222.08 1799.54 34 -4.45 1719.50 33 -5.18 1630.43 31 -2.23 1594.05 31 -11.4
1 8 Lower Issaquah 6462.04 4465.11 69 -0.46 4444.39 69 -0.31 4430.50 69 -0.15 4423.66 68 -0.9
1 9 Lower Sammamish Vly 7767.37 2709.67 35 -4.58 2585.54 33 -1.40 2549.38 33 -1.38 2514.10 32 -7.2
1 10 | Middle Issaquah 4593.18 3102.78 68 -1.51 3055.82 67 -1.92 2997.17 65 -0.11 2993.86 65 -3.5
1 11 | North Fork Issaquah 2946.67 1816.96 62 -5.69 1713.55 58 -15.30 1451.40 49 -12.53 1269.51 43 -30.1
1 12 | Upper Bear 8859.82 5880.80 66 -2.75 5719.19 65 -1.09 5657.01 64 -1.87 5550.96 63 -5.6
1 13 | Upper Issaquah 9567.67 7081.30 74 2.93 7288.99 76 2.63 7480.36 78 -2.66 7281.05 76 2.8
1 14 | Upper Sammamish Vly 8848.52 1809.68 20 -12.40 1585.23 18 -2.98 1538.05 17 -1.02 1522.42 17 -15.3
2 15 | cedar North Rural 4808.59 2479.27 52 -2.47 2417.98 50 -2.89 2348.09 49 -1.81 2305.53 48 -7.0
2 16 | Evans 9802.30 4592.77 a7 -0.32 4578.22 47 -9.46 4145.20 42 -3.30 4008.50 41 -12.7
2 17 | Kelsey 5290.56 1154.86 22 -4.37 1104.37 21 -3.45 1066.23 20 -0.23 1063.80 20 -7.9
2 18 | Little Bear 9632.46 5098.10 53 -7.49 4716.45 49 -3.74 4540.07 47 -1.23 4484.29 a7 -12.0
2 19 | Lower North 9749.81 3436.58 35 -8.38 3148.64 32 -6.06 2957.71 30 -12.11 2599.65 27 -24.4
2 20 | Mercer Slough 195.02 2117 @ 11 0.00 2117 11 -18.75 17.20 9 0.00 17.20 9 -18.8
2 21 | Rock 9494.05 5606.96 59 11.33 6242.16 66 -1.41 6153.97 65 -1.13 6084.52 64 8.5
2 22 | south Kelsey 5136.71 773.66 15 -4.53 738.60 14 -2.27 721.84 14 -0.06 721.40 14 -6.8
2 23 | Upper Cedar 82078.01 | 64874.18 79 2.20 || 66299.35 81 1.30 || 67160.31 82 0.13 || 67248.06 82 3.7
2 24 | Upper North 8665.87 2203.01 25 -13.63 1902.72 22 -8.02 1750.15 20 -5.38 1656.01 19 -24.8
2 25 | walsh 4208.61 3614.29 86 0.08 3617.15 86 0.12 3621.34 86 -0.43 3605.69 86 -0.2
3 26 | Cedar North Urban 1777.28 603.23 34 -11.44 534.22 30 -19.77 428.61 24 -18.00 351.44 20 -41.7
3 27 | Cedar South Urban 3394.87 980.24 29 -3.31 947.83 28 -7.35 878.16 26 -6.93 817.31 24 -16.6
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1991 1996 2001 2006
Total %, % mp, % mp, % o,
Acres in Forest 1991 to Forest 1996 to Forest 2001 to Forest 1991 to
Tier ID  Subbasin Subbasin Acres % 1996 Acres % 2001 Acres % 2006 Acres % 2006
3 28 | Coal 4130.55 2305.97 56 -6.26 2161.56 52 -6.83 2013.84 49 -3.45 1944.39 47 -15.7
3 29 | East Lake Sammamish 10005.43 4865.50 49 -4.64 4639.51 46 -11.08 4125.35 41 -4.40 3943.90 39 -18.9
3 30 | East Lake Washington 13444.24 3407.70 25 -2.00 3339.57 25 -1.51 3289.30 24 -1.07 3254.03 24 -4.5
3 31 | Forbes 2327.77 477.11 20 -2.13 466.97 20 -0.24 465.87 20 -0.38 464.11 20 -2.7
3 32 | Green Lake 8422.29 434.12 5 -0.51 431.92 5 0.00 431.92 5 0.00 431.92 5 -0.5
3 33 | Juanita 4189.59 773.21 18 -1.43 762.19 18 -0.06 761.75 18 0.00 761.75 18 -1.5
3 34 | Lower Swamp 8080.53 1800.42 22 -7.53 1664.83 21 -1.67 1637.05 20 -7.66 1511.59 19 -16.0
3 35 | Lyons 2671.56 664.74 25 -0.20 663.42 25 -0.70 658.79 25 -1.07 651.73 24 -2.0
3 36 | May 8988.70 4957.22 55 -2.23 4846.76 54 -5.86 4562.56 51 -1.61 4488.92 50 -9.4
3 37 | McAleer 5287.04 742.57 14 -5.26 703.54 13 -2.04 689.21 13 -0.35 686.79 13 -7.5
3 38 | McDonald 3250.00 2041.40 63 -0.12 2038.98 63 -0.85 2021.56 62 -0.03 2020.90 62 -1.0
3 39 | Mercer Island 4062.98 1209.10 30 0.26 1212.19 30 -0.09 1211.08 30 0.00 1211.08 30 0.2
3 40 | Nearshore 21700.60 6520.40 30 -5.32 6173.81 28 -2.17 6039.98 28 -1.22 5966.56 27 -8.5
3 41 | North Lake Washington 1159.31 217.39 19 0.00 217.39 19 0.00 217.39 19 -0.41 216.51 19 -0.4
3 42 | Peterson 4112.60 2552.91 62 -0.63 2536.81 62 -2.72 2467.80 60 -1.97 2419.30 59 -5.2
3 43 | Thornton 7232.88 659.23 9 -1.44 649.75 9 -0.27 647.98 9 0.00 647.98 9 -1.7
3 44 | Tibbetts 3441.14 2570.55 75 -1.58 2529.98 74 -0.20 2524.91 73 -5.04 2397.69 70 -6.7
3 45 | Upper Swamp 7606.56 2127.17 28 -10.82 1896.99 25 -9.14 1723.69 23 -10.55 1541.80 20 -27.5
3 46 | West Lake Sammamish 7762.15 2185.59 28 -7.72 2016.93 26 -4.62 1923.67 25 -1.11 1902.28 25 -13.0
3 47 | west Lake Washington 11604.92 1238.20 11 -2.49 1207.33 10 -0.82 1197.41 10 -1.03 1185.07 10 -4.3
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