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Executive Summary

This status report summargerogresshrough 2008resultsand next steps establishing a

baseline for monitoring the effectiveness of
and values of critical areaBhe monitoring and adaptive management program was developed to
supportimplementatorof Snohomi sh Countydés Critical Area R

meet the requirements of the Washington State Growth Management Act (GIMA).

monitoring plan designed to detect changesndicators ofcritical areafunctionsin a timely
fashion, conists of three main components: (1) assessment of changes in lanchcdiettand

and Fish and Wildlife Habitat Conservation Areaing primarily remote sensihgqethods; (2)
assessment of changes in shoreline conditions along major rivers and lakK&3;aasgssment

of physical, chemical and biological conditions in small catchments developing under the new
CAR relative to control site3.he monitoring plan is focused on Wetlands and Fish & Wildlife
Habitat Conservation Areas (FWHCA) because the CARabas greater flexibility in approach

to protection of these types of critical areas, and thus greater uncertainty. The adaptive
management componestdesigned to provide greater certainty that the conservation goal will
be achievedt will evaluate whéher changes in indicators were related to the regulations and
whether modifications to regulations or other County programs are needed to prevent a net loss
of critical area functions and values.

The County has made great progress in establishing aehmapting a quantitative, repeatable
protocolfor critical area monitoringThe project team classified highsolution satellite imagery
and other ancillary dafar the 965 mile$(2,500 knf) study area from the Puget Sound to the
Cascade foothillto egablish the baseline for monitoring trends in land cover within critical
areas. Field crews gatherédta on over BOO polygongo guide the classificattoprocess and
evaluate accuracy. Over 80% overall map accuracy has been achieved to date. Shoreline
conditions were documented quantitatively along approximd&fymiles(220 km)of river
shorelineand 28miles (45 km)of lake shorelineAn intensivecatchmenstudy was initiated to
evaluate potential impacts of development under the new CARbooader range afdicators

of critical area functions angalues insmallstreams. Mxt steps include collectireddiional

field data and applyingdditional processing techniques to improve naqueacy, obtainingnd
classifyinga seconduickBird saellite image for trendletectionincreasing sample size ftire
catchment studgnd further integrating efforts with other County monitoring programs

'Remote sensing is the acquisition of data about the ea
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1. Introduction

1.1 Overview

This report summarizes progress to degeultsand next steps establishing a baseline for
monitoring the effectiveness of Snohomish Cou
of critical areas. Monitoring efforts focus Wetlands andFish and Wildlife Habitat

Conservation Areassnohomish Canty has demonstrated a strong commitment to protecting
critical areas through the implementation of critical area regulations (CAR) grounded in best
available science, neregulatory environmental programs, and a monitoring and adaptive
management stratgdo evaluate the effectiveness of critical area protection measures and make
adjustments as needed.this collaborative program, the Surface Water Management Division

of Public Works(SWM) is responsible for implementing and reporting on results of the
monitoring. Planning and Development ServifRBS)is tasked with tracking permits,

enforcement actions, and alternative or innovative approaches applied to Qufiereport

covers work conducted by SWid establish the baseline data set for trendaliein. Following

a second round of data collectj@analysis, and monitoring reportifgDS will prepare a
separateeport summarizing adaptive management recommendations based on monitoring
results.

The County initiated aritical areasmonitoring andadaptivemanagemenprogram in 2007 with

the development of a monitoring and adaptive management plan, assembly of a project team, and
acquisition of higkresolution satellite imagery from ti@@uickBird satellite coincident with code
adoption. Additional tsks included pogprocessing of satellite imagery, refinement of

Geographic Information System (GIS) data layers essential for the analysis, field sampling site
reconnaissance, and coordination between Public Works and Planning and Development
Services degrtments on the evaluation and adjustment process.

In 2008 the project team classified hig#solution satellite imagery and other ancillary data to
characterize streamside vegetation, impervious surfaces and wetlands to establish the baseline for
monitaring trends in land cover within critical areas. Field crews gathered extensive field data to
guide the classification process and evaluate accuracy, completed shoreline inventories of
Snohomish County large rivers and lakes, and initiateidtensivecachment study to take a

closer look at a broader range of indicators in small drainages that are likely to experience
significant development under the new CAR.

To facilitate use and dissemination of information to multiple audiences, this document is
organized as aummary report and three technical appendieash focused on an element of the
monitaring plan. The summary repastintendedor a broad audienc& he appendicesntended
for a technical audiencprovide much greater detail regarding methaesults and conclusians

While this progress repairicludesa short overview of the progranetintent of thislocument
is to provide a monitoring update, notdatlinethe monitoring and adaptive management
framework.For additionakontextuainformation on the program, including the rationale for the
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selecton of specific program elementsdicators,and the evaluatioand adjustment processes,
please refer to the CAR Monitoring and Adaptive Management Plan (2007).

1.2 Growth Management Act Requirements

Washington Stateds Gr owhapter Z0ARGW)reguires Act ( GMA
Snohomish County to protect and manage the functions and values of critical areas. The GMA
identifies critical areas as Wetlands, Fish and Wildliféiké Conservation Areas, Frequently

Flooded Areas, Critical Aquifer Recharge Areas and Geologically Hazardous Areas. To protect

and manage these areas, the County has included critical area protection policies in its General
Policy Plan (GPP) and adoptediencebased Critical Area Regulations.

In October of 2007, the County Council adopted Critical Area Regulatiprovementso

chapters 30.62A (Wetlands and Fish & Wildlife Habitat Conservation Areas), 30.62B (Geologic
Hazard Areas) and 30.62C SCCiGri cal Aqui fer Recharge Areas).
regulations (chapter 30.65 SC@mainunchanged. CAR revisions were
guidelines for the designation and protection of critical areas contained in secti@8®630

WAC and theBest Available Science requirements of section-B85905 WAC. In addition,

the County has a number of other existing environmental protection and restoration programs

that directly or indirectly manage, protect or restore critical areas.

T h e Coaverdll goal $s to protect critical area functions and values thrtiugk principal
tools: regulationsnon-regulatory environmental prograrend amonitoring and adaptive
management progranT he monitoring plan measures indicators of critical areatfons and
values, evaluates changes, and supports adaptive management decision making veggrding
changes may beeeded to regulations or other County progrtomsotect critical area functions
and valuesFigure 1shows the relationship of CAR, noagulatory restoration and enhancement
actions, and the monitoring and adaptive management program.

Three Principal Tools

1. Regulatory
Protection & Mitigation (CAR)

a

v

Critical Areas

2. Monitoring & Protection
Adaptive Management

nNo Net Loss¢

a

v

3. Non-Regulatory
Restoration and Enhancement
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Figurel. Conceptual Model of Snohomish Countyds Critical

1.3 Ciritical Area Regulations and County Restoration Programs

The primary line of protection farritical areass the implementation and enforcement of the
regulations contained in chapter 30.62A of the G other land use codes (i.e., Shoreline
Master Program, drainage, grading and other
contains standard scienrbased requirements such as buffers of prescribed widths. CAR also
allows alternative or innovativgpproaches to critical area protection provided that the

alternative or alternative approach achieves the same level of protection. The intent of these
alternatives is to maximize protection of the functions and values through a tailored approach. A
tailored approach accommodates sfeecific conditions and allows flexibility to protect critical

area functions and values, while balancing other County objectives spabvaing forgrowth,
aviable agricultural community and a healthy economy.

While altenative and innovative approaches allowed under the CAR may occur in many types of
designated critical areas, they principally wiffectWetlands andrish and Wildlife Habitat
Consenration Areas (FWHCA)Thus, the mondtring plan focuses owetlandsandFWHCA.

The alternative and innovative approaches allowed in the regulations include: use of buffer
reductions as incentive fgpecific mitigation measuresyriovative Development Design to
encourage use of low impact development and implementation afswatemanagement or

salmon recovery plans; and use of best management practices (BMPs) for minor development
and agricultural activitiesTable1 provides a compreheis list of alternative and innovative
approaches.

Table 1. Alternative and Innovative Approaches Allowable under the CAR

Allowed Buffer Impacts:

0 Innovative development
Reasonable use exception
Fencing reduction
Separatéract reduction
Averaging
Habitat corridor reduction
Other mitigation measures froBCC 30.62ATable 5
Single family residentiaéxception
Fee in lieui via County parks
Buffer loss/replacement
Minor development activity
Reasonable use exception
Agriculture BMP

Oo|0O|0o|0o|o|Oo|O0|O|O|O|O|O

Allowed Wetlands Impacts:

Fill mitigation

0 Enhancement mitigation

0 Wetland banking

o0 Innovative development design

o
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Potential environmental impacts that may result from alternative and innovative approaches
include a reduction irmature riparian forest cover, reduction in total riparian forest cover
(including younger trees and shrubs), increased impervious surface within and outside of riparian
and buffer areas, loss of wetlands, modification of shorelines and stream banksscamatexs

water quality and habitat impacts.

In addition to the mitigation measures required inGAdR regulations, impacts to functions and
values wil|l be f ur t lgaEng noorégulataytrestbrgtiontahnde Count y o s
enhancement actions. Restaya and enhancement actions include outreach and technical

assistance to increase voluntary planting and wetland enhancement (e.g. native plant and
community partners stewardship programs) and Celactyestoration actions such as riparian

planting, remwal of invasive species, placement of large woody debris in streams and rivers,

riparian fencing, wetland creation and restoration-fiaesage barrier removal, sideannel

reconnection, improved stormwater infiltration, and water quality pollution teud hese

actions are prioritized and implemented consistent with the salmon recovery strategies outlined

in the Puget Sound Sal mon [Radona RobutiopDisthasgem ( 2005
Elimination SystemNPDES municipal stormwater managemgmbgram, and other regulatory

and strategic efforts.

1.4 Monitoring and Adaptive Management Program Overview

The CAR monitoring prograns part of broader County monitoring efforts, which include
monitoring required foBhorelines Master Plan complian&mdangered Species A&S$A)
salmon recovery planning support and NPDES permit compliance. The CAR monitoring
program directly supports Shoreline Master Plan compliandeslements of Salmon recovery
plan monitoring Monitoring efforts to support ESA Isaon recovery planning and NPDES
permit compiance are complimentary, balso distinct because they are designed to inform
different questions.

The status and trends of critical area functions aheesdor FWHCA and Wetlands abeing
assessed through a thig@rt monitoring approach. The first component consists of analyses of
riparian conditions, impervious surface and wetland extent using remote sensing data (aerial
images and maps) with fielerification throughout the areaundeh e Count yo6s juri s
Specificriparian and wetland area metrigsre selectetbr monitoringbecause they are directly
regulated through the CAR, and because they are leading indicators of change, which exert a
strong influence on critical area fuimts and values. The second part of the monitoring program
involves assessing shoreline conditions along major rivers and lakes, providing information to
support effective implementation of CAR as well as the Simeréllaster PlanThe third

component, aintensivecatchment study, is designed to evaluate the effectivehessle
provisionsover the longer ternm protecting riparianwate quality and iastream habitat

functions and values.

This threepart monitoring approddalances the need taletectchange over a short tinfilame
(components 1 and 2p that program improvements can be made in a timely marithethe
need to evaluate a range of functions and values over a longer time frame (comptment 3)
provide a complete assessment and advdrecddvelopment of Best Available Sciendeitial
monitoring results will establish the baseline for the selected environmental indicators, and
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subsequent monitoring will track chandkat may warrant programmatic or regulatory
adjustment through thelaptive management framewokkgure 2is a decisiortree developed
by Planning and Development Services, outlining the adaptive management dexakiog
process

START
Monitoring:
e Determine baseline

e |dentify indicators
e Establish thresholds
e Collect/ analyze data STOP
> No No further
» Al s net | oss > action
Ves required
A 4
Evaluate land use changes to
identify area, source and cause
. Is the loss due to Refer to
of net loss: land uses or No ith
¢ Review development > o agency wi
S ; activities under jurisdiction
activities and farming o
T county jurisdiction?
activities in area

e Collect permit data, CASPs
and farm plans

Yes

A 4

No | Are county codes
fully implemented?

e Education and <
incentives;

e Enforcement
and restoration

Yes

A 4

Identify inadequate code provisions:

Figure 2. Adaptive Management Decision Tree.

e Revise code(s) e Which code chapter?

e Update BMPs or farm plans

e Step up farm plan
implementation schedule

e Education & incentives

Increase

A

Were the standard provisions applied or
was an alternative or innovative approach
used?

Were BMPs or farm plans fully
implemented?

Was mitigation fully implemented and
successful?

Was this a site specific failure of a code
provision or a more generalized indication
of inadequate code or bmp requirements?
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Proposed monitoring indicators were seledhetarerepreserstive ofa range of functions and
values of concerrsensitiveto changeaccurately and precisefgeasuregwell documented in

the scientific literature, and cost effective to measure. Indicators that will be measured, tracked

over time and reporteare included in Table Zor more information on these indicators, please
refer to the CAR Monitoring and Adap&wWanagement Plan (2008).

Table 2. Critical Area Monitoring Indicators.

Critical . . Monitoring
Function and Values Indicators Source Plan
Areas
Component
Wetlands |Fish and wildlife habitat; Wetland area by type NOAA Pathways and One
habitat for locally important [ (open water, emergent, |Indicators, 196
andthreatened species; runof| scrub/shrub, forested)
absorption, pollution
assimilation, water quality
maintenance, floodwater
storage and attenuation; stre
baseflow, groundwater
FWHCAT |Fish and wildlife habitat; % mature forestover None reported One
Riparian | habitat for locally important  |%young forest cover | None reported One
(including |and threatened species, largqd o total vegetation cover | NOAA Pathways and One
lakes and |woody debris recruitment, (mature evergreen, Indicators, 1996
marine nutrients, water quality medium evergreen,
shorelines) | maintenance, stream bank | deciduous, scrushrub)
stabilization % total impervious area | Summary of reports One
(TIA)? referenced in Spene al.,
1996
FWHCAT |Fish and wildlife habitat; % bank modifications NOAA Stormwater Matrix, | Two
Aquatic habitat for locally important 2003
and threatened species, refud Bankfull channel width | NOAA Pathways and Three
in sidechannels; large woody| (CW) :depth ratio Indicators, 1996
debris (LWD) and small Pool frequency NOAA Pathways and Three
woody debris; sediment Indicators, 1996
storage and.tra?port; water Temperature EPA, 2003 Three
ﬁﬁ?r\ilsl}nlti nce; clean water, Conductivity Snohomish County, 2000 | Three
Benthic Index of Karr, 1998 Three
Biological Integrity
Critical Areas Monitoring and Adaptive Management Status Report  January 2009
Snohomish County, Surface Water Management Pageb



Snohomish County is usirasix-step monitoring and adaptive process outlineigure 3as

the conceptual framework. The six steps are (1) problem assessment, (2) plan development, (3)
implementation, (4) monitoring, (5) evaluation, and (6) adjustment. Step 1 consists of the official
recognition by the County and the State of the need tegdroritical area functions and values

that are at risk oflegradationStep 2 consists of the development and adoption of the GPP,

CAR, underlying Best Available Science (BAS), restoration programs, and this monitoring and
adaptive management programefs8 is the implementation of the elements of Stepris

report summarizes efforts to date relatechtmitoring ($ep 4). Establishing the monitoring

baseline will set the stage fiite evaluation procesahereby the sufficiency of steps 2 and 3 are
evaluated(step 5).Results from the evaluation process will inform the adaptive management
decisionmaking regarding any changes that may be needed to meet conservatiqatgpa$

1. Assess
Problem

Critical Areas need
protection to ensure

Aino net |

6. Adjust

Make adjustments
when triggers are hit to
ensure fino

2. Develop
Plan

Best Available Science;
GPP; Critical Area
conservation program

Best
Available
Science

3. Implement
Plan

Critical Area ordinance;
Non-regulatory
enhancement

5. Evaluate
Compare monitoring
results to habitat
baseline and triggers

4. Monitor

Remote sensing of

riparian and wetlands;
Focused analysis of

water quality & habitat

Figure 3. Monitoring and Adaptive Management Framework.
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1.5 Key Management Questions

The monitoring and adaptive management program has been designed to inform the following
key management questions and-suiestions:

1. Are gains or losses of critical area functs and values occurring in Fish and Wildlife Habitat
Conservation Areas and Wetlands?

a) Are changes in land coweithin critical areas and their buffeesvident?
b) Are changes in shorelines along major waterways evident?

c) Are regulatory and nereguhtory environmental programs protecting the phydiedlitas

biological integrity and water qualitgf small streams?
2.1f loss is occurring, what and where are programmatic adjustments needed to protect functions
and values in FWHCA and Wetlands?

a) Are losses of functions and values occurring not as a result of County actions, but rather
actions taken outside the Countyods jurisdi

b) Are losses of functions and values occurring in a specific land use or geographic area?

c) Are losses of funatins and values resulting from code violatidns

d)Are | osses of functions and values occurrini
managing critical areas?

The order of questions follows the sequence outlined in the monitoring and adaptive
mangement frameworkHigure 3. The monitoring planstep 4) implemented by the Surface
Water Management Division of Public Works (SWNé)designed tinform the first question
and subquestionsTheevaluation and adjustment processes (steps 5 and 6)) arl@idramed by
thesecondjuestion and sufjuestionsrespectively, will be implemented by the Planning and
Development Services Department (PDS), with monitoring results provided by. SWM

Together the questions and answers to them guide the adaptivgememd regonse. For

example, if no change in critical area functions and values or a gain is observed (question 1), no
further action would be required. If a loss is observed, the answers to the evaluation sub
guestions (question) 2lirect treatment towdrthe root cause to correct problems identified

through referral, enforcement, public outreamtcode adjustment.

1.6 Work Plan and Schedule

Table 3provides a general summary of the work plan and timeline for the monitoring and
adaptive managemernitable4 outlines the roles and interaction betwées Surface Water
Management Division dPublic Worksand Planning and Development Sersicethe

monitoring and adaptive management processblic Works is responsible for implementing and
reporting on reglts of the monitoring. Planning and Development Senigéssked with

tracking permits, enforcement actions, and alternative or innovative approaches applied to
buffers. PDS will prepare a report summarizing adaptive management recommendations based
on monitoring results.

Critical Areas Monitoring and Adaptive Management Status Report  January 2009
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Table 3. Monitoring, Evaluation and Adjustment Schedule.

Monitoring and Adaptive Management Cycle

Component 1

winter satellite image; finaliz
imagery classification
protocol; conduct field
verification; prepare report
summarizing baseline datas
including an assessment of
accuracy and precision

Steps 2008 | 2009 | 2010
Monitoring
Monitoring  |Improve hydrographyacquirg Acquire and process a secondAcquire and process a second

summer image; Gather
additional field data to verify
results. Improve wetland data
classification using radar and
LiDAR DEM topographic
model.

winter satellite image. Gather
additional field data to verify
results.

Monitoring
Component 2

Survey major rrer and lake
shorelines to establish
baseline.

Fill in remaining gaps in
shoreline survey as needed.

Resurvey shorelines and report
results.

Monitoring
Component 3

Refine sampling design and
study questions; select sites
begin data collection.

Collectdata on
chemical/biological/physical
indicators using a replicable
method.

Collect dateon
chemical/biological/physical
indicators using a replicable
method.

Evaluation
Refine permit review proces Provide update on monitoring | Evaluate changes iand cover
(PDS). Prepare report results to date. (SWM). Query|and shoreline conditions and
summarizing baseline data |AMANDA to evaluate permitte prepare monitoring report
collection (SWM). actions within critical areas  [(SWM)".

Adjustment

Refineadjustment process;
refine trigger levels as need:
based on literature review a
replicate surveys.

Continue to refine adjustment
process as needed.

Produce adaptive management
report (PDS). Adjust program

based on results relative to trigg
(referral;education; enforcement
mitigation; code adjustment).

'PDS is the lead for evaluation and grotingthing related to permits

Table 4. Public Works SWM and PDS Roles and Responsibilities.

Public Works SWM

Planning and Development Services

1. Complete effectiveness monitoring
® remote sensing
e shorelines

1. Complete implementation monitoring
e permits issued
e enforcement actions taken

e Intensivecatchments study

Evaluate changes in indicators relative to baseli
conditions

Produce monitoring reports summarizing baseli
conditions, changes, a discussairprobable
causes, and an assessment of data accuracy af
completeness

e buffer reduction location/extent

Provide data to SWMn the location and area of
buffer reductions and exemptions allowed unde
the CAR to aid in evaluation

Produce adaptive management reports
recommending and summarizing changes made
protect critical areas based on monitoring result
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2. Monitoring Status

2.1 Approach

Substantial progress has been made in establishing the monitoring baseline. In addition to the
three main components of the monitoring program outlined in the monitoring plan, the program
includes tracking of permits issued, alternativénoaovative buffer provisions applied, and ron
regulatory environmental enhancement actions implemented by the County to assist in the
evaluation of monitoring result$he status of each element of the monitoring program is
summarized below.

2.2 LandCover Classification

The land cover classification report prepared in collaboration between Battelle Pacific Northwest
National Laboratory and Snohomish County is included in Appendix A.

Data Acquisition and Processing

New remote sensing data werequired and existing County GIS layers were improved.
QuickBird satellite imagery for the study area was obtainedimages between July 31 and
September 5, 200The project teamattempted to obtain a winter image in 2007 and 2008, but
wasunsuccessiudue to weather and competing proje&¥INIR -2 satellite summer and winter
imagery was obtained on July 31, 2007 and January 28, 2007, respetiDAR. data, used to
estimate tree height and to identify areas of potential flow accumulation, weireedbftar 81%

of the study area between 2003 and 2008. Radar data were obtained from the-Radarsat
RadarsaR, ERS2, and PALSAR satellites through a NASA grant, and will be incorporated into
the wetland cl assi fi cat i ongraphylayerovasogteatty n 2009 .
improvedover 44%of the subbasinswithin the study arehy realigning it with a digital

elevation model generated frdiDAR data. An imagery classification protocol was developed
and a preliminary land cover classification coetptl using these data and other County
ancillary GIS layers.

Field Data Collection

The project team developed a field data collection protocol to support imagery classification.
Field crews gathered data on 1,386d covempolygons delineated from tif@uickBird satellite
imagery. Thregquarters were used in rule set development for imagery classification, and 25%
were randomly selected and set aside for an accuracy assessment. Vegetation height field data
were also gathered to validdtibAR -derived treéneightestimates

Classification

Snohomish County and Battelle Pacific Northwest National Laboratory develdged eover
classification protocol using both objdzased and rulbased classification techniques and
prepared the baseline datasetaddiion to satellite imagery, the ruleased classification
methodology used County ancillary GIS layers including slope, parcels, streets, railroads,
hydrography, lakes;oastlines100-yr floodplain, soils, and mapped wetlandgetland
delineations foCritical Area Site PlangGJASPs) and a wetland inventory canissionedoy the
SnohomisHPublic Utility Departmenin the Sultan Basin were used to guide rule set

Critical Areas Monitoring and Adaptive Management Status Report  January 2009
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development for wetland identification. Battelle applied a flow accumulation model based on a
LiDAR digital elevation model to assist with wetland identificafionfour sections of the study
area to further improve the wetland classificatidin.accuracy assessment was completed,
comparing predicted land cover with field ddtaearly 2009, theléw accumulation model will

be applied to the entire study area and the baseline dataset completed.

2.3 Shoreline Inventory

The baseline shoreline suryvesummarized in Appendix Byas completed foBnohomish

Count y Olakesaral rivers. The populatiof lakes in Snohomish County was stratified

into three size classés provide a representative sampad 50% were randomly selected for
survey.The aerial extent ofatkswas estimated frorB007 aerial photos for the stratified

random sample of lakeShoreline conditions along navigable river reaches of the Skykomish,
Snohomish, and Stillaguamish rivers were suegeione were surveyed in the Lake

Washington Watershed, which contains no navigable river reatheskykomish was

surveyed from river iite 23.1in Goldbar down to the confluence with the Snoqualmie River.
The Snohomish River was surveyed from the confluence to the upper extent of tidal influence.
The Stillaguamish River was surveyed from river mie2on the South Fork and river mile

21.4 on the North Fork to the confluence. The mainstem Stillaguamish River was surveyed along
its entire length to Port Susan. In tat&l7 miles (220 km)of river shoreline were surveyed.

2.4 Intensive Catchment Study

An intensivecatchment study was initiated to take a closer look at impacts to critical area
functions and values in small drainages (Appendix3Biall drainages were selected for

inclusion in thantensivecatchment study following review of permit applications aading

maps to identify sites and small drainages that will likely develop in the near future under the
new CAR regulations. These sites were paired with small drainages with similar characteristics
that were deemed unlikely to experience significant agweént. The project team contacted
landowners to obtain permission for data collection and establisheddiongnonitoring sites.

At each site survey crews measured channel cross sections and habitat conditions, conducted
aguatic macroinvertebrate samljrand measured temperature continuously in July and August
using temperature loggeiSevensites were sampled in 2008, arttldional sites will be added

to the study in 2009.

2.5 Permit Tracking

Improvements were made to the permit traclagstem (AMANDA) in order to identify those
permittedactivitieson or neaFWHCA and Wetlands?DS biologists will gather additional
information on critical areas when permits are received. New fields were added to the
AMANDA database s@rojectswith Wetlands or FWIEA that employ the use of any of the
alternative or innovative protection approacbas becasilyidentified and queried. By tracking
this information, the County will be able to distinguish between impacts in thesmeam
environment allowable unddne code, and those that are n&MANDA will be tracking all of
the buffer and wetland alterations allowed in CAR for further analysis.
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2.6 Enhancement Project Tracking

Snohomish County and other leattiesfor watershed planningcross Washington haxbeen
working with the Washington Department of Fish and Wildbier the last two yeats develop

a project database called the Habitat Work Schedule (HW® HWS will be used to highlight
accountability for implementatioof thesalmon recovery plaand as an integral past adaptive
managementt is a comprehensive project management systenwili@reatly improve project
tracking, sharing of results, and reporting organization. Once online, the HWS will be used to
track and report neregulatoy restoration and enhancement actioosipleted by the County

for the purposes d€AR monitoring. Since the HWS is still in development, staff consulted
County restoration project managers to generate a list of all riparteancementstream
restorationand culvert replacement completed in 2007 and 2008.

3. Results

3.1 Land Cover Classification

The land cover classification encompassed a 965 N(2e500 knd) study area from Puget

Sound to the Cascade foothillsgure 4graphically illustrates results from the initial

classification of the baseline datasefour test panels within the study area. The classification
delineatedand covelinto 14 classestakes/opemwater,impervious surfagebare earthgravel

bars, inasive species, grass/pasture/lawn, shrubs/small trees, emergent wetland, scrub/shrub
wetland, forested wetland, medium evergreen foreature evergreeforest, medium deciduous
forest,andmature deciduous forest.

Field data gathered f@&34 polygons vere used to evaluate accuracy of results. Remote sensing
accuracy in the context of this project refers to the correctnébslahd cover map compared
with the true land covefverall accuracychieved to date 80.1%. Among individualand
coverclasses,impervioussurface(94./6) andwater(98%) had the highest s eacduracy.
Deciduous foregt88.6%) andevergreen foreg83.6%) land coveltypes also were classified

with moderately highu s eacduracyThe wetland classification, completed andluated

through a separate proces¥l later merged to form the final land cover pfeaan overall
accuracy of 82.9%urther work is needed tietect forested wetlands aimaprove classification
results for theshrubs/small tree®6%) and grass/pasti(62.26) classed hese classes had high
heterogeneity and similar reflectance values, and thus further training data and analyses are
needed.
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Figure 4. Land Cover Map for Four Test Blocks.

3.2 Shoreline Inventory

Theshoreline inventory included the Countyds n:
50% of lakes within the study ar@aigure 5. Rivers surveyed included the Skykomish,

Snoqualmie, Snohomish, North Fork Stillaguamish, South Fork Stillaguandsh@mainstem
Stillaguamish. In totaCounty field crewsurveyedapproximatelyl37 miles(220 km)of river

shoreline and miles (45 km)of lake shorelineCumulatively,44 and24 percent of lake and

river shorelines were armored, respectively.

Lakesmodifications ranged from <1%dke Armstrong and Chain Lakéo 78% (Lake

Stevens). Large lakes were more heavily modified than smaller lakes. Bigkieradthe most
common type of lake modificatior7 8%), followed in decreasing order gvetmen{23%),
gradeffill (2%) and boat ramp (1%Armoring included materials such as concrete, various wall
blocks, wood structures and rock. Blabstantial bank instability was recordedakes asmost
banks were flat or gently sloping. Steep or vertstadrelinesegments were few in number and
were generally protected by armoring or vegetati@kes with few modifications, generally

also had more intact vegetation along the shoreliakes with a high degree of shoreline
modification also had the most docks. dtal 1,256docks were identified withnaerial extent

of more tharl7.5 acreg7.1 heg.

Similarly, the extent of bank modification and instability along river reaches varied widely.
Mainstem Reach 4at Slough and Coo&lough in Lower Stillaguamish Rav valleyhad the
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highest level of bank modification 87%,35% and 34%, respectivelgtillaguamish Mainstem
Reach 2, NF Stillaguamish Reach 3, Snohomish Reach 1, and Skykomish reaches 1 through 4
had 20% or greater bank modificati@dnly Skykomish Reach 6 had less than 10% modified
banks.The extent of river modification generally increased in a downstream direction. The
Stillaguamish River mainstehlmadthe highest percentage of modified ba(23%), followed by

the Snohomish River mestem (25%), however, it is important to note that the Snohomish
survey is incomplete. The Skykomish River and the North Fork Stillaguamish River had a
comparable level of modification (2B%).Bank modifications were predominantly revetments
comprised briprap.Unstable banks comprised%%®f the total surveyed length and ranged

from a low of6%in Hat Slough to a high of 32% in Skykomish Reach 6.

Unsurveyed Lakes

Figure 5. Lakes and Rivers Included in the 208 Bank Conditions Survey. The South Fork Stillaguamish
River was surveyed in 2007.
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