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ddWood is DynamicWood is Dynamic

 Especially in higher order streams
 Those that experience high flows
 Especially in higher order streams
 Those that experience high flows Those that experience high flows Those that experience high flows



Two Questions Two Questions 

 In the literature on wood in streams, 
we find two foci of interest:
 In the literature on wood in streams, 

we find two foci of interest:
 Prediction of wood volumes at the network 

scale due to various land management 
 Prediction of wood volumes at the network 

scale due to various land management g
schemes
 Accelerated habitat recovery through LWD 

g
schemes
 Accelerated habitat recovery through LWD 

placement in streamsplacement in streams



d k ld k lWood: Network ScaleWood: Network Scale
 At network scale wood volume per section of At network scale wood volume per section of At network scale, wood volume per section of 

stream is useful measure of healthy stream 
functioning

 At network scale, wood volume per section of 
stream is useful measure of healthy stream 
functioningg

 Prediction of wood volumes throughout 
network takes into account large floods, 
landslides fo est c tting p actices oads

g
 Prediction of wood volumes throughout 

network takes into account large floods, 
landslides fo est c tting p actices oadslandslides, forest cutting practices, roads, 
stream order, etc.  

 Has resulted in a lot of positive changes in

landslides, forest cutting practices, roads, 
stream order, etc.  

 Has resulted in a lot of positive changes in Has resulted in a lot of positive changes in 
land management policy:
 40m buffer zone

 Has resulted in a lot of positive changes in 
land management policy:
 40m buffer zone
 Road removal
 Bridge alteration/removal
 Road removal
 Bridge alteration/removal



d k ld k lWood: Network ScaleWood: Network Scale
 If low wood volumes  If low wood volumes o ood o u es

persistent in a section of a 
network, we may choose to 
increase those numbers

o ood o u es
persistent in a section of a 
network, we may choose to 
increase those numbersincrease those numbers 
quickly through stream 
restoration 

increase those numbers 
quickly through stream 
restoration 

 Why? 
 Response time of fish is shorter 

th th t f f t

 Why? 
 Response time of fish is shorter 

th th t f f tthan that of forest
 We may loose fish and other life 

from stream if low wood levels 

than that of forest
 We may loose fish and other life 

from stream if low wood levels 
remain for too longremain for too long



Wood: Restoration ReachWood: Restoration ReachWood: Restoration Reach 
Scale

Wood: Restoration Reach 
Scale

 Restoration by LWD placement is done Restoration by LWD placement is doneRestoration by LWD placement is done 
at a smaller scale
 Isolated low wood volume section of a

Restoration by LWD placement is done 
at a smaller scale
 Isolated low wood volume section of a Isolated low wood volume section of a 

stream
 Isolated low wood volume section of a 

stream



Wood: Restoration ReachWood: Restoration ReachWood: Restoration Reach 
Scale

Wood: Restoration Reach 
Scale

 Economic 
investment and 

 Economic 
investment and 
liability demands 
that we impose 
stasis upon

liability demands 
that we impose 
stasis uponstasis upon 
installed LWD 
wood

stasis upon 
installed LWD 
woodwoodwood

*This one got away



Wood: Restoration ReachWood: Restoration ReachWood: Restoration Reach 
Scale

Wood: Restoration Reach 
Scale

 With addition of econ considerations, we 
know stable LWD’s will accumulate more 
wood and complexify the stream habitat

 With addition of econ considerations, we 
know stable LWD’s will accumulate more 
wood and complexify the stream habitatwood and complexify the stream habitat 
more than those that leave the reach (of 
course!!!)

wood and complexify the stream habitat 
more than those that leave the reach (of 
course!!!)

 So now, within the restoration scale, we want 
t k d h t diti LWD’

 So now, within the restoration scale, we want 
t k d h t diti LWD’to know under what conditions LWD’s move 
the least and accumulate the most!

 We need to make some decisions about what

to know under what conditions LWD’s move 
the least and accumulate the most!

 We need to make some decisions about what We need to make some decisions about what 
we are interested in and how we are going to 
measure it

 We need to make some decisions about what 
we are interested in and how we are going to 
measure it



llScale ComparisonsScale Comparisons

 In reach restoration we consider some 
of same processes as in network scale
 In reach restoration we consider some 

of same processes as in network scalep
 Floods, stream order, wood

p
 Floods, stream order, wood

*But in a different way*But in a different way



llScale ComparisonsScale Comparisons

Network prediction Reach Restoration

Fl d /l d lid A l k flFloods/landslides Annual peak flow

Stream order Channel widthStream order Channel width

Wood volume per Each log: Length, 
stream length diameter, volume, 

root wad, zonation, 
t t tstructure type



Wood: Restoration ReachWood: Restoration ReachWood: Restoration Reach 
Scale

Wood: Restoration Reach 
Scale

E i t l t t d d Environmental context reduced:
 flow and channel width

 Wood characteristics greatly expanded upon: Wood characteristics greatly expanded upon:
 Length
 Width
 Diameter
 Root wad presence (roots attached or not)

P iti i t Position in stream
 Zonation 
 Structure type (more detailed measure

* Now we consider “movement” as important 
and need to quantify it.



MovementMovement

 A log is considered to have “moved” if it 
changed its position by greater than 
 A log is considered to have “moved” if it 

changed its position by greater than g p y g
10m  
Why?

g p y g
10m  
Why?Why?
 In QC report, structures that moved 10m 

or less are cited as still serving their

Why?
 In QC report, structures that moved 10m 

or less are cited as still serving theiror less are cited as still serving their 
intended function
or less are cited as still serving their 
intended function



Remember the Goal:Remember the Goal:Remember the Goal: 
Habitat Functioning
Remember the Goal: 
Habitat Functioning

 All this work is done within the context 
of habitat restoration
 All this work is done within the context 

of habitat restoration
We assume that LWD’s that don’t move 

and accumulate the most contribute 
We assume that LWD’s that don’t move 

and accumulate the most contribute 
best to habitat functioning
 This is the reason for placing LWDs but 

best to habitat functioning
 This is the reason for placing LWDs but 

we do not study this in our analysiswe do not study this in our analysis



Project ObjectivesProject ObjectivesProject ObjectivesProject Objectives
1.) Predict probability of movement of logs and ask how well 

we are able to make these predictions given our 
pa amete s

1.) Predict probability of movement of logs and ask how well 
we are able to make these predictions given our 
pa amete sparameters.
 Do we need to consider other channel characteristics to 

predict annual movement and accumulation?
 bo lde t pe and si e apid o calm st etch

parameters.
 Do we need to consider other channel characteristics to 

predict annual movement and accumulation?
 bo lde t pe and si e apid o calm st etch boulder type and size, rapid or calm stretch

2.) Determine which of the measured factors of the 
restoration reach scale most dictate likelihood of wood 
movement

 boulder type and size, rapid or calm stretch

2.) Determine which of the measured factors of the 
restoration reach scale most dictate likelihood of wood 
movementmovement.

3.) Investigate correlation between number of key pieces 
(length >= chan width) and accumulation.

4 ) S h th th St d d l t l

movement.
3.) Investigate correlation between number of key pieces 

(length >= chan width) and accumulation.
4 ) S h th th St d d l t l4.) See whether the Streamwood model can accurately 

predict probability of wood movement in Quartz Creek.
4.) See whether the Streamwood model can accurately 

predict probability of wood movement in Quartz Creek.



kkQuartz Creek RestorationQuartz Creek Restoration

 Reestablish natural volumes of wood
 Provide complex woody debris accum
 Reestablish natural volumes of wood
 Provide complex woody debris accum Provide complex woody debris accum 

for salmonid habitat
 Reestablish diverse stepped channel

 Provide complex woody debris accum 
for salmonid habitat
 Reestablish diverse stepped channel Reestablish diverse stepped channel 

profile
I fi h h bit t di it

 Reestablish diverse stepped channel 
profile
I fi h h bit t di it Increase fish habitat diversity Increase fish habitat diversity



kkQuartz Creek RestorationQuartz Creek Restoration

 Overall idea:
 Install an LWD “backbone” to catch smaller

 Overall idea:
 Install an LWD “backbone” to catch smallerInstall an LWD backbone  to catch smaller 

wood and retain sediment
Install an LWD backbone  to catch smaller 
wood and retain sediment



b b l fb b l fProbability of MovementProbability of Movement

 Objectives:
Model probability of movement to predict 

 Objectives:
Model probability of movement to predict 

whether particular logs will move
 Understand which factors are most 

i ifi i i

whether particular logs will move
 Understand which factors are most 

i ifi i isignificant in causing movement

 3 Models
significant in causing movement

 3 Models
 Linear Regression
 Logistic Regression
 Linear Regression
 Logistic Regression
 Bayesian Belief Network Bayesian Belief Network



kkQuartz Creek Data SetQuartz Creek Data Set

 4000 logs tracked between 1988 and 
2007
 4000 logs tracked between 1988 and 

2007
We know the location along a 1 km reach 

at each year
We know the location along a 1 km reach 

at each year
 Know attributes of each log, peak flow for 

each year
 Know attributes of each log, peak flow for 

each year

 Treat each log separately every year
 End up with 33,000 (log,year) pairs

 Treat each log separately every year
 End up with 33,000 (log,year) pairsEnd up with 33,000 (log,year) pairs
 Predict probability of movement per year

End up with 33,000 (log,year) pairs
 Predict probability of movement per year



llTime scaleTime scale

 Our models give probability p of 
movement in a year
 Our models give probability p of 

movement in a yeary
 If we want to predict movement over a 

period of several years, to get the

y
 If we want to predict movement over a 

period of several years, to get theperiod of several years, to get the 
probability in year n, we can use a 
geometric distribution. P(n) = (1-p)np

period of several years, to get the 
probability in year n, we can use a 
geometric distribution. P(n) = (1-p)npgeometric distribution. P(n)  (1 p) p
 To predict movement over years 1 to n, 

use P(1) + P(2) + + P(n)

geometric distribution. P(n)  (1 p) p
 To predict movement over years 1 to n, 

use P(1) + P(2) + + P(n)use P(1) + P(2) + … + P(n)use P(1) + P(2) + … + P(n)



ddInputs and OutputsInputs and Outputs

 One output - does it move?
 Define movement as having moved >10 

 One output - does it move?
 Define movement as having moved >10 g

meters in a year
 Treat movement as a binary variable

g
meters in a year
 Treat movement as a binary variabley

 Let movement be a function of several 
parameters

y

 Let movement be a function of several 
parametersparameters
 Length, Diameter, Volume, Root Wad, Flow, 

Zonation

parameters
 Length, Diameter, Volume, Root Wad, Flow, 

ZonationZonationZonation



ZonationZonation

 Zone 1 - In Active channel Zone 1 - In Active channel

 Zone 2 - In Bankfull channel Zone 2 - In Bankfull channel

 Zone 3 - Above active channel Zone 3 - Above active channel

 Zone 4 - Outside active channel Zone 4 - Outside active channelZone 4 Outside active channelZone 4 Outside active channel



Linear EquationLinear Equation

p = a0 + a1F + a2Z + a3L + a4D + a5V + 
a6R

p = a0 + a1F + a2Z + a3L + a4D + a5V + 
a6R66

Symbol Meaning

F FlF Flow

Z Zonation

L Length

D Diameter

V Volume

R RootWad



Logistic EquationLogistic Equation

p = 1 / (1 + exp(- (b0 + b1F + b2Z + b3L 
+ b4D + b5V + b6R))

p = 1 / (1 + exp(- (b0 + b1F + b2Z + b3L 
+ b4D + b5V + b6R))4 5 6 ))4 5 6 ))

Symbol Meaning

F FlF Flow

Z Zonation

L Length

D Diameter

V Volume

R RootWad



l fl fBayesian Belief NetBayesian Belief Net

- Outputs conditional probabilities of 
movement based on inputs

- Outputs conditional probabilities of 
movement based on inputsp

- Parameters are discretized
p

- Parameters are discretized

MeanFlow
1.5 to 2.9
2.9 to 3.5
3 5 to 5 9

33.6
31.2
35 2

Len
0 to 5 77.9

PeakFlow
0 to 76.6667
76.6667 to 153.333
153.333 to 230

68.1
26.0
5.86

67.3 ± 51

Movem ent
no 87 4

3.5 to 5.9 35.2
3.39 ± 1.2

5 to 12
12 to 50.5

15.6
6.57

5.32 ± 7.9

RootWad
no
yes

89.7
10.3

no
yes

87.4
12.6

64.4 ± 180

0.103 ± 0.3

ZoneValue
Volum e



hhHypothesis TestingHypothesis Testing

- Test the ability of our models to predict 
movement

- Test the ability of our models to predict 
movement

- Our models output a probability of 
movement, not a ‘yes’ or ‘no’ 

- Our models output a probability of 
movement, not a ‘yes’ or ‘no’ 

- To predict whether a log will move, we 
choose a threshold k. If the model gives 

- To predict whether a log will move, we 
choose a threshold k. If the model gives 
a probability p > k, we predict 
movement.  
a probability p > k, we predict 
movement.  



hhMore Hypothesis TestingMore Hypothesis Testing

 The probabilities of movement from the models are 
very low
 Maximum from logistic model is 0.43

 The probabilities of movement from the models are 
very low
 Maximum from logistic model is 0.43Maximum from logistic model is 0.43
 Maximum from linear model is 0.32

 We get the best accuracy by just predicting 0 for 
every log There is no threshold that gives better

Maximum from logistic model is 0.43
 Maximum from linear model is 0.32

 We get the best accuracy by just predicting 0 for 
every log There is no threshold that gives betterevery log.  There is no threshold that gives better 
accuracy.
every log.  There is no threshold that gives better 
accuracy.



ffMeasures of SuccessMeasures of Success
 Accuracy 

 fraction of correct predictions
 Precision

 Accuracy 
 fraction of correct predictions

 Precision
 Of logs that we predicted to move, how many actually did move?
 True Positives / (True Positives + False Positives)

 Recall

 Of logs that we predicted to move, how many actually did move?
 True Positives / (True Positives + False Positives)

 Recall
 Of the logs that did move, how many did we predict?
 True Positives / (True Positives + False Negatives)

 F-Score/F-Measure

 Of the logs that did move, how many did we predict?
 True Positives / (True Positives + False Negatives)

 F-Score/F-Measure
 Average of precision and recall. We weight them equally.
 2 * (precision * recall) / (precision + recall)
 Average of precision and recall. We weight them equally.
 2 * (precision * recall) / (precision + recall)



llTest ResultsTest Results
M d l P i i R ll F S AModel Precision Recall F-Score Accuracy

Always Predict 0 undefined 0 Undefined 0.87Always Predict 0 undefined 0 Undefined 0.87

Random Guessing 0.13 0.47 0.20 0.50

Linear 0.16 0.83 0.27 0.41

Logistic 0.17 0.74 0.28 0.48



ddMoving ForwardMoving Forward
 Our models cannot predict probability of movement very well 

on a yearly basis.
 Better than random guessing, but not very good

 Our models cannot predict probability of movement very well 
on a yearly basis.
 Better than random guessing, but not very good

 Do we need to consider other parameters to create any model
that predicts well on a yearly basis?
 We think so!

C di t b bilit f t t l

 Do we need to consider other parameters to create any model
that predicts well on a yearly basis?
 We think so!

C di t b bilit f t t l Can we predict probability of movement accurately over a 
longer time scale with our model?
 We think so!
 Geometric distribution

 Can we predict probability of movement accurately over a 
longer time scale with our model?
 We think so!
 Geometric distribution Geometric distribution
 If our model gives probability of movement of 0.15 for one year, 

probability of movement within 10 years would be about 0.65

 Geometric distribution
 If our model gives probability of movement of 0.15 for one year, 

probability of movement within 10 years would be about 0.65



l f fl f fRelative Significance of InputsRelative Significance of Inputs
 
Parameter Diameter PeakFlow Length Zonation Volume RootWadParameter Diameter PeakFlow Length Zonation Volume RootWad
t-Value -13.092 12.238 -9.936 -9.243 7.037 -0.400 
P(>|t|) < 2e-16 < 2e-16 < 2e-16 < 2e-16 2.02e-12 0.689 

Table 5: t-Values for Linear Model 
 
 
Parameter Diameter PeakFlow Zonation  Length Volume RootWad  
t-Value -11.971 11.913 -9.052 -8.707 3.365 -0.607 
P(>|t|) < 2e-16 < 2e-16 < 2e-16 < 2e-16 7.66e-4 0.5436

Table 6: t-Values for Logistic Model 
 
 
Parameter PeakFlow Volume Zonation Diameter Length RootWad
Variance 
Reduction  

1288 322.2 62.09 50.62 6.201 0.2586 

Variance 5.76e-3 1.44e-3 2.78e-4 2.27e-4 2.78e-5 1.2e-6
of Beliefs 

Table 7: Sensitivity Values for BBN model 



Relative Significance of Inputs 
( d f )

Relative Significance of Inputs 
( d f )(In order of importance)(In order of importance)

Linear Logistic BBN

Di Di P k FlDiameter Diameter Peak Flow

Peak Flow Peak Flow Volume

Length Zonation Zonation

Zonation Length DiameterZonation Length Diameter

Volume Volume Length

R t W d R t W d R t W dRoot Wad Root Wad Root Wad



I t ll d St tI t ll d St tInstalled StructuresInstalled Structures



llllSill LogsSill Logs

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



l fll flLateral DeflectorsLateral Deflectors

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



ll h lll h lFull Channel JamFull Channel Jam

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



ll h lll h lFull Channel JamFull Channel Jam

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



ll h lll h lFull Channel JamFull Channel Jam

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



ffSuccess of Structures: 
Accumulation

Success of Structures: 
AccumulationAccumulationAccumulation
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Full Channel JamFull Channel JamFull Channel JamFull Channel Jam
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Full Channel JamFull Channel JamFull Channel JamFull Channel Jam
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Logs Arriving in Ful l Channe l Log Ja m Structures
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Logs Arriving in Lateral Deflector Structures Lateral Deflector 
St t
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llCorrelation?Correlation?

 No apparent correlation between 
number of key pieces and log 
 No apparent correlation between 

number of key pieces and log y p g
accumulation

y p g
accumulation
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Logs Arriving at Lateral V-Shaped Structures Lateral V-Deflector 
Structures
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OSU StreamWoodOSU StreamWoodOSU StreamWoodOSU StreamWood
 Based on data from Mack Creek Based on data from Mack Creek Based on data from Mack Creek
 Individual based, stochastic 

C d f t d l

 Based on data from Mack Creek
 Individual based, stochastic 

C d f t d l Composed of two models
 Forest model

 Composed of two models
 Forest model
Tree recruitment, growth, mortality, harvest

 Stream model
Tree recruitment, growth, mortality, harvest

 Stream model
 Log recruitment, breakage, movement, 

decomposition
 Log recruitment, breakage, movement, 

decomposition



Theoretical Model for Chance ofTheoretical Model for Chance ofTheoretical Model for Chance of 
Wood Movement

Theoretical Model for Chance of 
Wood Movement

 Chance of movement is a function of:
Fl ( i t l i )

 Chance of movement is a function of:
Fl ( i t l i ) Flow (recurrence interval in years)
 Piece length to bankfull width ratio
 Flow (recurrence interval in years)
 Piece length to bankfull width ratio
 Proportion of piece outside channel
 Number of key pieces
 Proportion of piece outside channel
 Number of key pieces



Mack Creek Chance of Wood MovementMack Creek Chance of Wood Movement
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Quartz Creek Chance of Wood Movement
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Project ObjectivesProject ObjectivesProject ObjectivesProject Objectives
1.) Predict probability of movement of logs and ask how well 

we are able to make these predictions given our 
pa amete s

1.) Predict probability of movement of logs and ask how well 
we are able to make these predictions given our 
pa amete sparameters.
 Do we need to consider other channel characteristics to 

predict annual movement and accumulation?
 bo lde t pe and si e apid o calm st etch

parameters.
 Do we need to consider other channel characteristics to 

predict annual movement and accumulation?
 bo lde t pe and si e apid o calm st etch boulder type and size, rapid or calm stretch

2.) Determine which of the measured factors of the 
restoration reach scale most dictate likelihood of wood 
movement

 boulder type and size, rapid or calm stretch

2.) Determine which of the measured factors of the 
restoration reach scale most dictate likelihood of wood 
movementmovement.

3.) Investigate correlation between number of key pieces 
(length >= chan width) and accumulation.

4 ) S h th th St d d l t l

movement.
3.) Investigate correlation between number of key pieces 

(length >= chan width) and accumulation.
4 ) S h th th St d d l t l4.) See whether the Streamwood model can accurately 

predict probability of wood movement in Quartz Creek.
4.) See whether the Streamwood model can accurately 

predict probability of wood movement in Quartz Creek.
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 Cold Creek Mapping with John Faustini
 Got REALLY good at Ping Pong
 Cold Creek Mapping with John Faustini
 Got REALLY good at Ping Pong Got REALLY good at Ping Pong
 Took nice long walks
 Got REALLY good at Ping Pong
 Took nice long walks

 Learned TONS of stuff!!!! Learned TONS of stuff!!!!
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