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Overarching QuestionOverarching Question
►► PNW WatershedsPNW Watersheds

History of timber harvestHistory of timber harvest
DegradationDegradation
Hardwood/Shrub dominatedHardwood/Shrub dominated
Riparian restoration neededRiparian restoration needed

►► Under what conditions should we Under what conditions should we 
restore conifer to stands currently restore conifer to stands currently 
dominated by hardwood in our dominated by hardwood in our 
effort to rehabilitate fish habitat?effort to rehabilitate fish habitat?

►► Case study: Cedar River Case study: Cedar River 
WatershedWatershed

Red Alder Stand

Old Conifer Stand

Timber 
Harvest 
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Analytical FrameworkAnalytical Framework

►►Remote Sensing (Macro Scale)Remote Sensing (Macro Scale)
Used to characterize the current range of riparian Used to characterize the current range of riparian 
forest conditionsforest conditions

►►GIS (Meso Scale)GIS (Meso Scale)
Develop a model to identify sites suitable for conifer Develop a model to identify sites suitable for conifer 
restoration in riparian areasrestoration in riparian areas

►►Multivariate Vegetation Analysis (Micro Scale)Multivariate Vegetation Analysis (Micro Scale)
Identifies plant communities and landforms that Identifies plant communities and landforms that 
support conifer restoration support conifer restoration 

Remote Sensing Research ObjectivesRemote Sensing Research Objectives

►► Test the use of remote sensing tools of analysis in Test the use of remote sensing tools of analysis in 
classifying 5 riparian forest cover classes.classifying 5 riparian forest cover classes.

1.1. Deciduous Deciduous 
2.2. Early Seral ConiferEarly Seral Conifer
3.3. Mid Seral/Mature Conifer Mid Seral/Mature Conifer 
4.4. Late Seral/Old Growth ConiferLate Seral/Old Growth Conifer
5.5. Mixed Conifer/DeciduousMixed Conifer/Deciduous

►► Can stands be classified with overall accuracy Can stands be classified with overall accuracy ≥≥ 75% when 75% when 
compared with field observations?compared with field observations?
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MASTER DataMASTER Data

Master Data (2001)Master Data (2001)
►► High Resolution: 5 mHigh Resolution: 5 m

►► HyperHyper--spectral: 50 bands spectral: 50 bands 

►► Pixel contains spectral Pixel contains spectral 
reflectance of features.reflectance of features.

Master Data Image

Plot 1:
Observed as
Deciduous

Plot 2: 
Observed as

Mid Seral Conifer

Plot 1:
Observed as
Deciduous

Plot 2: 
Observed as

Mid Seral Conifer

Plot 1:
Observed as
Deciduous

Plot 2: 
Observed as

Mid Seral Conifer

Plot 1:
Observed as
Deciduous

Plot 2: 
Observed as

Mid Seral Conifer

Corrected Image & Max Like

BR Image & SAM

Corrected Image & SAM

BR Image & Max Like
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ValidationValidation

►► Evaluate the accuracy of Evaluate the accuracy of 
classification against field classification against field 
observations.observations.

►► Producer AccuracyProducer Accuracy
Proportion of pixels correctly Proportion of pixels correctly 
classified as X/# pixels observed classified as X/# pixels observed 
to be Xto be X

** Small sample size. Not 
well represented

GIS AnalysisGIS Analysis

►► Classified riparian forest cover Classified riparian forest cover 
map brought into GIS.map brought into GIS.

►► Base layerBase layer

►► Perform spatial analysisPerform spatial analysis
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GIS Habitat Suitability ModelGIS Habitat Suitability Model
Develop a GIS model to conduct a salmon Develop a GIS model to conduct a salmon 

habitat suitability analysis.habitat suitability analysis.

Where are sites across the watershed that Where are sites across the watershed that 
exhibit both:exhibit both:
1.1. High biological potential for fish: geomorphic contextHigh biological potential for fish: geomorphic context
2.2. Suitable for conifer restorationSuitable for conifer restoration

GIS Habitat Suitability ModelGIS Habitat Suitability Model

Assumptions:Assumptions:
►► confinement, gradient, old coniferconfinement, gradient, old conifer
►► 3 major factors3 major factors

Layers in GIS Model:Layers in GIS Model:
1.1. Channel confinement (Lidar)Channel confinement (Lidar)
2.2. Channel gradient (Lidar)Channel gradient (Lidar)
3.3. Riparian forest coverRiparian forest cover
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Decision Tree: Boolean logic Decision Tree: Boolean logic 
for locating ideal restoration sitesfor locating ideal restoration sites

Is gradient ≤8%

Is constraint ≤10%

Is it early seral?

GRADIENT

CONSTRAINT

FOREST COVER

SUITABLE

HABITAT

TO 
RESTORE

NO YES

NO YES

NO YES

GIS Model ResultsGIS Model Results

►► Model identifies a suite of potential sites.Model identifies a suite of potential sites.

►► Need to examine micro scale landforms at sites.Need to examine micro scale landforms at sites.
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Multivariate Vegetation AnalysisMultivariate Vegetation Analysis

Objectives:Objectives:
Identify sites with landforms Identify sites with landforms 

supporting conifer.supporting conifer.

1.1. Characterize the distribution of Characterize the distribution of 
riparian plant communities.riparian plant communities.

2.2. Analyze community distribution Analyze community distribution 
relating to: relating to: 
►► Alluvial landform Alluvial landform 

Field plots assigned to 4 landform classes:Field plots assigned to 4 landform classes:

1.1. 2 yr. Active Floodplain2 yr. Active Floodplain

2.2. 22--100 yr. floodplain100 yr. floodplain

3.3. TerraceTerrace

4.4. HillslopeHillslope

Phase 2: Alluvial Landform ClassificationPhase 2: Alluvial Landform Classification
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D
is

tu
rb

an
ce

 f
re

qu
en

cy



8

GEE Statistical AnalysisGEE Statistical Analysis
►► Similar to MANOVA Similar to MANOVA 
►► Key variables tested: %Conifer, %HW, sapling densityKey variables tested: %Conifer, %HW, sapling density
►► HHoo = No difference between conifer basal area across 4 = No difference between conifer basal area across 4 

landformslandforms
►► Z > 3 * Std. Error=Difference in means not due to chance.Z > 3 * Std. Error=Difference in means not due to chance.
►► Reject HReject Hoo

.0001.00013.133.130.260.260.810.81Landform 2Landform 2

.0001.00013.733.730.350.351.311.31Landform 3Landform 3

.0001.00015.105.100.330.331.671.67Landform 4Landform 4

.0001.00014.884.880.410.412.002.00InterceptIntercept

p valuep valueRobust Z Robust Z 
valuevalue

RobustRobust
Std. ErrorStd. Error

EstimateEstimateGEEGEE
RESULTSRESULTS

Weighted Averaging OrdinationWeighted Averaging Ordination

►►Multivariate technique to understand the Multivariate technique to understand the 
patterns in community data.patterns in community data.

►►Relationship between moisture gradient and Relationship between moisture gradient and 
species distribution. species distribution. 

►►Assigned weighted values (1Assigned weighted values (1--10) 10) (Reed 1989).(Reed 1989).

►►Correlate landform to moisture gradient.Correlate landform to moisture gradient.
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Oregon GrapeOregon Grape
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Stink CurrantStink Currant

2E

5D6E

14E

16B 18A

19C
19D19E

30A 30B

31D

RIBR

Dry                                Moisture Gradient                                     Wet

R
an

k

Landform
Active Floodplain
2-100 yr Floodplain
Terrace
Hillslope

SalmonberrySalmonberry

2E

5D6E

14E

16B 18A

19C
19D19E

30A 30B

31D

RUSP

Dry                                Moisture Gradient                                     Wet

R
an

k

Landform
Active Floodplain
2-100 yr Floodplain
Terrace
Hillslope



11

Indicator Species Indicator Species 
AnalysisAnalysis

►► Classification MethodClassification Method

►► Detects the value of a Detects the value of a 
species in defining an species in defining an 
environmental environmental 
conditioncondition

►► Condition = landformCondition = landform

ExclusiveExclusive0.0050.00522DIFODIFO
0.030.0311SASISASI

EqualEqual0.020.021,21,2RUPARUPA

0.0010.00111RIBRRIBR

ExclusiveExclusive0.0010.00144BENEBENE

GradientGradient0.0010.0011,2,31,2,3HWSapHWSap

GradientGradient0.020.024,3,2,14,3,2,1ConSapConSap

GradientGradient0.0010.0014,3,2,14,3,2,1TSHETSHE

0.0010.00144PSMEPSME
GradientGradient0.030.031,2,3,41,2,3,4ALRUALRU

CommentCommentp p 
valuevalue

LandformLandform
ClassClass

SpeciesSpecies
CodeCode

Indicator species with significant p values

MultiMulti--Response Permutation ProcedureResponse Permutation Procedure
►► NonNon--parametric classification procedureparametric classification procedure
►► Tests HTests Hoo : No difference between plant assemblages : No difference between plant assemblages 

across 4 landform groups across 4 landform groups 

MRPP Results:MRPP Results:
►► TT Statistic: Between Group AgreementStatistic: Between Group Agreement

Negative Negative TT = strong separation (= strong separation (≤≤ --10.0)10.0)
Result:Result: TT = = --17.8 (p = 0.00000)17.8 (p = 0.00000)

►► AA Statistic: Within Group Agreement Statistic: Within Group Agreement 
Positive Positive AA = strong homogeneity (= strong homogeneity (≥≥ 0.1)0.1)
Result:Result: AA = 0.1= 0.1

Vegetation analysis establishes which landforms host plant Vegetation analysis establishes which landforms host plant 
communities that would support conifer restorationcommunities that would support conifer restoration



12

Management ImplicationsManagement Implications

Scientists can use this collective research as: Scientists can use this collective research as: 
Methodology for addressing the question of Methodology for addressing the question of 

watershed restoration.watershed restoration.
1.1. Remote Sensing Classification: Remote Sensing Classification: 

baseline that characterizes the range of conditionsbaseline that characterizes the range of conditions

2.2. GIS Model: GIS Model: 
identifies potential restoration sitesidentifies potential restoration sites
high biological potential for fish high biological potential for fish 

3.3. Multivariate Vegetation Analysis:Multivariate Vegetation Analysis:
Identifies landforms that support conifer retention.Identifies landforms that support conifer retention.
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