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Outline

• COB Vegetation 

Classification & Change 

Detection in Riparian 

Corridors

• COB Monitoring Program for 

private and public projects
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Why & How COB Monitors

• Place high value on environment  Environment 

Chapter

• Know where critical areas are GIS mapping

• Know how they’re functioning HRTA

• Regulations that protect & restore CAO & SMP

• Consistent permit writing/tracking  software

• Monitoring for effectiveness financial assurances

• Metrics  Ecological Validation Monitoring
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• Stream Corridors & 

Shorelines 



7

• 1992 Wetland Inventory
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• 1992 Wetland 

Inventory

• 2003 Wetland 

Inventory
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• 1992 Wetland 

Inventory

• 2003 Wetland 

Inventory

• 2015 Wetland 

Inventory
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• 1992 Wetland Inventory

• 2003 Wetland Inventory

• 2015 Wetland Inventory

• Site Specific Wetland 

Delineations
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• 1992 Wetland Inventory

• 2003 Wetland Inventory

• 2015 Wetland Inventory

• Site Specific Wetland 

Delineations

• Parks & Open Space
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Monitoring Program

Comp 
Plan & 

Legacies

Assessments

CAO

PermitsConditions

Monitoring & 
Performance 

Standards
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Legacies and Strategic Commitments

“We are working today 

so future generations 

will benefit from…”

• Protect & improve the health of lakes, streams & bay

• Protect & restore ecological functions & habitat

• Reduce contributions to climate change

• Conserve natural & consumable resources

Healthy Environment
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• Habitat Restoration Technical 

Assessment

• Shoreline Characterization

• Lake Whatcom Annual Water 

Quality Monitoring

• Heron Colony Annual 

Monitoring Report

Lake Whatcom—municipal  

water supply
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Add Post point heron 

survy map

Photo by Alan Fritzberg

• Great blue 

heron colony

• Monitored since 

2000
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BMC 16.55.010D(4)

Purpose:

Prevent cumulative adverse environmental impacts 

to water quality, wetlands, and fish and wildlife 

habitat, and the overall net loss of wetlands, 

frequently flooded areas, and habitat conservation 

areas.
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The Hannegan Permit

• 10.8-acre site

• 0.12-acre wetland fill

• Applied for permit in August 2005
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• Issued permit May 2011

• Findings of Fact & Conclusions 

of Law—demonstrates 

consistency with CAO

• Ex.  The buffer standard for 

wetlands (BMC 16.55.340B) is 

not met.

ADAPTIVE MANAGEMENT
AM
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• Conservation easement

• Recorded before site 

disturbance at the 

Whatcom County Auditor

AMAMAM
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• Financial surety requirement: 

assignment of funds or bond 

for 150% of costs

AMAMAM
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Fencing
AM
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Detail of wetland enhancement

• As-built mitigation 

report

• First surety release

Detail of wetland buffer enhancement
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Detail of wetland enhancement

Goal:  create 5,500 square feet of seasonally saturated 

palustrine scrub/shrub wetland.

Objective: The created wetland shall have seasonally 

saturated soils.

• Performance Standard: Soils will be inundated or 

saturated within 12 inches of the surface, for at least 

10% of the growing season, defined as April through 

mid-October

Yes, this performance standard is being met
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• Year 7 monitoring 

report

• Final surety 

release

• Conservation 

easement 

provides legal 

protection in 

perpetuity
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Percent of residents surveyed rating the 

job the City is doing protecting the 

environment as “good” or “excellent”.

74%

• Protect & improve the health of lakes, 

streams & bay

• Protect & restore ecological functions & 

habitat

• Reduce contributions to climate change

• Conserve natural & consumable 

resources

Healthy Environment
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Outline

Vegetation Classification with Color-

IR & LiDAR (2013 data)

Change Detection with NAIP 

Imagery (2009 to 2015)

Chris Behee

GIS Analyst
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Vegetation Classification with 

Color-IR & LiDAR



29

LiDAR First Return Surface
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LiDAR Bare Earth Surface
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Color-infrared Imagery
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(VR-NIR / VR+NIR)

NDVI 

Vegetation 

Mask

Visual Red

Near Infra-Red

Visual Green

Visual Blue

Relative Height

First Return LiDAR Surface

Bare Earth LiDAR Surface

Difference

Maximum Likelihood Classification 

with 50 classes, then re-classed to 

4 vegetation classes 

Vegetation Mask applied to remove 

non-vegetated from classification.

Relative Height used a second time 

to separate veg classes by height 

resulting in 8 final classes.

Vegetation Classification Model 
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Final Classification
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Change Detection with NAIP 

Imagery
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1997 Whatcom Creek Corridor
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1999 Olympic Pipeline Incident Burn Zone
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2009 NAIP Natural Color Image
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2009 NAIP Color-Infrared Image
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2015 NAIP Natural Color Image
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2015 NAIP Color-Infrared Image
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Use this

difference
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NDVI =
(Red – NIR)

(Red + NIR)
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2009 NDVI Image
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2015 NDVI Image
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Veg

Loss

Veg

Gain

No

Chg

2015 NDVI – 2009 NDVI Difference
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2015 NAIP Natural Color Image

Red Tail Reach:

Shows 3.4 acres with increased

vegetative cover 2009-2015
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Applications

• Assessing current vegetation on-site for Watershed 

Purchase Program, Greenways Program, etc.

• Monitoring change for restoration sites, and 

riparian corridors.

Next Steps

• Add additional (2017) NAIP imagery.

• Improve NAIP image spatial registration between 

years (offsets yield false positives & negatives).

• Drone footage to supplement LiDAR data.



49

Kim Weil     kweil@cob.org

Chris Behee   cbehee@cob.org


