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1 | INTRODUCTION

Wood jams (three or more wood pieces larger than 10-cm diameter
and 1-m length) support habitat for diverse organisms (e.g., Coe,
Kiffney, Pess, Kloehn, & McHenry, 2009; Francis, Tibaldeschi, &
McDougall, 2008; Klaar, Hill, Maddock, & Milner, 2011; Wohl,

2015) and drive overbank flow, forcing water, sediment, and
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Abstract

Wood jams in rivers and on floodplains play an essential role in shaping valley
bottoms, and their dynamics regulate the ecology and morphology of river systems.
Although wood jams are commonly used to regulate fluvial geomorphic processes
and provide habitat, our inability to predict how wood jams change through time
hampers wood restoration efforts. We present the Wood Jam Dynamics Database
and Assessment Model (WooDDAM) to improve understanding and management of
natural and anthropogenic wood jams in rivers. WooDDAM is composed of a field
data collection protocol, an open database of wood jam characteristics and dynam-
ics, machine learning statistical models for predicting wood jam dynamics during
high flows, and an online user interface to facilitate collaborative data collection
and use. Here, we provide the background and guidance necessary to utilize
WooDDAM to make predictions of and contribute to the database describing wood
jam dynamics. We present tests of interoperator variability to justify database
variable selection. To refine model predictions and improve predictive power, we
encourage users to follow simple resurvey procedures and submit observations of
wood jam dynamics. WooDDAM provides a management and monitoring tool for
the retention or reintroduction of wood jams in rivers and facilitates further
research into the interactions between wood jam dynamics and fluvial or

ecological processes.
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nutrients onto floodplains (Jeffries, Darby, & Sear, 2003; Sear,
Millington, Kitts, & Jeffries, 2010; Wohl, 2013). Stable wood jams
can alter erosion and deposition on the stream bed and banks and
drive avulsion and island creation (Abbe & Montgomery, 2003;
Bertoldi et al., 2009; Collins, Montgomery, Fetherston, & Abbe,
2012; Gurnell, Tockner, Edwards, & Petts, 2005; Sear et al., 2010).
Dynamic wood jams can generate spatial and temporal morphologic
heterogeneity and regulate organic matter retention (Daniels, 2006;
Sear et al., 2010). By regulating organic matter and providing habitat,

wood jams sustain fish and macroinvertebrates (Cashman, Pilotto,
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Harvey, Wharton, & Pusch, 2016; Jones et al., 2014; Nagayama,
Nakamura, Kawaguchi, & Nakano, 2012; Pilotto, Harvey, Wharton,
& Pusch, 2016). By interacting with bed sediment, banks, and living
wood, wood jams shape channels and regulate fluvial processes
(Brooks, Brierley, & Millar, 2003; Nakamura & Swanson, 1993; Scott,
Montgomery, & Wohl, 2014).

Historic wood removal (Comiti, 2012; Sedell & Froggatt, 1984;
Wohl, 2014) has simplified and reduced the ecologic health of river
corridors, motivating the reintroduction and active retention of
wood in rivers as a mechanism of ecological restoration. However,
wood can be hazardous to infrastructure and people (De Cicco, Paris,
Ruiz-Villanueva, Solari, & Stoffel, 2018; Mazzorana, Zischg, Largiader,
& Hubl, 2009; Wohl et al., 2015). Balancing the positive ecological
effects of wood jams with their potential hazards depends on building
or retaining wood jams that will exhibit dynamics (change through
time) that are desirable for given management goals (e.g., minimizing
wood transport downstream while maximizing heterogeneity in a
given reach). Recent wood reintroduction and retention efforts have
shown that the use of more dynamic, unanchored wood structures
that work with river processes can be effective in stream restoration
(Roni, Beechie, Pess, Hanson, & Jonsson, 2015; Thompson et al.,
2018). These dynamic, engineered wood jams can accumulate wood,
lose wood, expand, contract, and mobilize; all of which can adjust their
geometry and structure in response to hydraulic forcings, similar to
natural wood jams. Such structures can be cheaper than stabilized
structures and can allow for restoration of dynamic processes as well
as forms over long stream segments. Currently, the use of unanchored
engineered wood structures or naturally deposited wood jams in res-
toration is hampered by an inability to predict their dynamics and
effects on restoration outcomes.

Although the National Large Wood Manual suggests a force and
moment analysis of large wood structures (USBR & ERDC, 2016), this
analysis does not account for rearrangement of the jam during high
flow, jams that are not secured (i.e., those in which wood pieces can
act independently of one another), complex interactions between jams
and relatively immobile objects on the bed and banks, and jams with
high porosity. Such an analysis is insufficient to predict natural and
natural-analogue wood jam dynamics.

As a way of guiding the restoration use of natural-analogue wood
jams and understanding natural wood jam dynamics in all stream envi-
ronments, we present the Wood Jam Dynamics Database and
Assessment Model (WooDDAM). WooDDAM includes a field data
collection protocol, an evolving wood jam characteristics and dynam-
ics database, supervised machine learning models of wood jam dynam-
ics, and an online user interface. This framework accomplishes three
primary objectives:

1. Provide a reproducible survey protocol to survey wood jam char-
acteristics and, via repeat surveys, wood jam dynamics in varied
environments. By ensuring that measurements are reproducible,
research, management, and practitioner teams can contribute to
the database and help improve the machine learning models with-

out introducing excessive unknown bias.

2. Create a well-organized database that is regularly archived and open

to the public and facilitates ancillary research.

3. Provide contextualizable, interpretable, and accurate predictions of
wood jam dynamics via supervised machine learning models. As
the database of wood jam dynamics grows, it can provide more
training data for these machine learning models, thus improving
model predictions and applicability. For more informed

management, the statistical models and associated user interface

allow users to understand how the model developed its prediction

(i.e., which wood jam characteristics are most important) and

whether the newly predicted data are similar to data used to train

the model.

WooDDAM

approach to observing wood jams can generate a database sufficient

represents a hypothesis that a collaborative
to drive working machine learning models of wood jam dynamics.
We describe WooDDAM's approach to encourage others to con-
sider using it for management and research. Researcher and practi-
tioner use of this tool will help test this hypothesis and benefit
users of the tool via access to the public database and, once the
models are sufficiently reliable, access to robust predictions of wood

jam dynamics.

2 | WOODDAM COMPONENT
DESCRIPTIONS

WooDDAM is primarily accessed via a Web interface, hosted at
https://sites.warnercnr.colostate.edu/woodjam (permalink also avail-
able at https://www.fs.fed.us/biology/nsaec/products-tools.html#
tools-woodjamdynamics). This Web interface provides tools to facili-
tate data collection (the survey protocol), enables viewing and
downloading of the database, and facilitates use of the predictive
models of wood jam dynamics.

2.1 | Reproducible field survey protocol to measure
wood jam characteristics and dynamics

The WooDDAM field survey protocol facilitates the collection of
wood jam characteristics and associated hydrologic regime and valley
bottom characteristics (Table 1), as well as the observation of
wood jam dynamics via repeat surveys. Although an initial survey of
wood jam characteristics is all that is necessary to make predictions
of wood jam dynamics (e.g., for management purposes), resurveys of
wood jam dynamics after high flows are necessary to contribute to
the database and improve the predictive models.

To describe the survey protocol and variables used to describe
wood jams, we define a key piece as any large wood (approximately
greater than 1 m in length and 0.10 m in diameter) that retains or sup-
ports other large wood in the jam rather than the most stabilizing or

largest pieces.
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2.1.1 | Variables used to characterize wood jam
characteristics and dynamics

We group the variables used in WooDDAM into those that describe
hydrologic regime, channel geometry, reach-scale valley bottom char-
acteristics, relative location and geometry of the wood jam, physical
characteristics of the wood jam, and how the wood jam has changed
during a high flow. Table 1 provides descriptions of each variable, as
well as justifications relating each variable to wood jam dynamics.
We describe wood jam characteristics and dynamics using primarily
binary or categorical variables, which enhance reproducibility between
multiple operators collecting data (see Section 3.1). Figure 1 provides
an example of how we use binary variables to describe wood jam
geometry and interactions with valley bottom morphology.

2.1.2 | Field survey protocol

The field survey protocol consists of initial surveys to describe wood
jam characteristics, followed by optional repeat surveys of jam dynam-
ics after high flows. The prescribed measurements can be rapidly,
reproducibly, and cheaply collected by a team of two in all fluvial envi-
ronments using only basic survey equipment (e.g., laser rangefinders;
Scott et al., 2016), a field notebook or mobile device, a GPS-enabled
device, and a camera. The survey procedure generally takes between
5 and 15 min per wood jam for a one to two person team. After field
data collection, wood jam observations are submitted to the database
via the WooDDAM website. Before inclusion in the database, DNS
manually checks submitted data for consistency (e.g., jams marked as
touching floodplain must also have key pieces above bankfull) and
completeness.

Resurveys consist of relocating jams (using latitude, longitude, and

the descriptive location; Table 1) and determining what change the
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wood jam experienced after a high flow (i.e., whether the jam mobi-
lized, accumulated wood, lost wood, contracted, and/or expanded).
To facilitate continued monitoring of jam dynamics, it is necessary to
determine whether any of the initially measured characteristics
changed following the initial survey and, if needed, to resurvey those
characteristics. Repeat photography is necessary to document jam
change through time: We strongly recommend taking photographs
of the jam from the left, right, upstream, and downstream sides of
the jam during each survey for comparison. Repeat drone imagery or
video of jams can also help document change through time. We also
recommend noting (and the WooDDAM database stores) a descriptive
location for each jam relative to local landmarks to assist with
relocating the jam. Please see Data S4 for 3 examples of previously

surveyed wood jams and their characteristics.

2.2 | Wood jam characteristics and dynamics
database

The wood jam monitoring database is designed to serve two purposes:
(a) compile data to train the supervised machine learning models of
jam dynamics and (b) store repeat monitoring data of jam characteristics
and the channel and watershed context in which they reside, serving
as a resource for further research into relationships between jam
dynamics, geomorphic change, human activities, and other environ-

mental variables. The database is manually monitored for completeness.

2.3 | Supervised machine learning models to predict
wood jam dynamics

Flow magnitude alone poorly predicts wood transport rates (Iroumé,
Mao, Andreoli, Ulloa, & Ardiles, 2015; Kramer & Wohl, 2014; Macvicar
& Piégay, 2012). Instead, channel conditions surrounding wood jams
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FIGURE 1

occupy thalweg?

Illustration depicting wood jam geometry and location measurements and how they each determine either where a wood jam is

located within a channel cross section or the relative dimensions of the jam. Blue depicts explicit location metrics. Green depicts channel
boundary location metrics. Brown depicts wood jam geometry and orientation metrics. See Table 1 for descriptions of each measurement. These
measurements, when taken together, provide a comprehensive description of the location, size, and orientation of a wood jam relative to the
geometry of the channel [Colour figure can be viewed at wileyonlinelibrary.com]
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are likely better predictors of wood jam longevity and dynamics (Roni
et al.,, 2015). As such, the predictive models of jam dynamics are based
on the hypothesis that the variables described above will be sufficient
to predict jam dynamics for flow conditions below, near, or above
bankfull stage.

These models utilize multiple logistic regression to predict the
occurrence probability of binary jam change variables (mobilization,
accumulation, losing wood, contraction, and expansion; Table 1). Sta-
tistical analyses are performed using the R statistical package (R Core
Team, 2019). Logistic regression enables model interpretation: Sum-
mary statistics describe the change in the odds of a given jam change
for a unit increase in each predictor, holding other predictors constant
(see Section 3.2 below for examples). Data S1 describes model fitting
procedures.

Importantly, model predictions are not intended to be the only line
of evidence for evaluating a specific jam. Because the model is inter-
pretable, users can augment predictions by understanding why the
model may have made a prediction and evaluating whether that predic-
tion is valid given site-specific conditions (e.g., although a jam may be
likely to accumulate wood, it cannot do so if there is no wood supply
from upstream). In addition, comparing predicted data against the data
from the WooDDAM database (summarized on the website) can give
users some idea of the confidence expected from the model prediction:
If newly submitted data are far out of the range of data used to train
the model, users should be careful in applying the model prediction.

The online user interface and model interaction are implemented
using the R package shiny (Chang, Cheng, Allaire, Xie, & McPherson,
2017). This package allows users with little to no experience in statis-
tical modelling or coding to utilize the predictive model and database

in an online user interface.

2.4 | Measuring reproducibility of field
measurements

We performed two field tests to evaluate the best types of variables
to include in WooDDAM to maximize interoperator reproducibility
(necessary to create a reliable database). We hypothesized that (a)
measurements that required precise identification of wood jam
boundaries (i.e., length, width, and height) would be more difficult to
reproduce between operators; (b) in describing porosity, an obstruc-
tion index would be more reproducible than a visual estimate of
porosity as a percentage; and (c) simpler binary variables (i.e., variables
that delineated whether key pieces touched certain parts of the
channel) would be more reproducible than descriptive binary variables
(i.e., variables that ask whether the jam met a certain description,
such as being ramped on a bank or bridging the channel). See Data
S2 for methodological details.

3 | RESULTS AND DISCUSSION

As of February 2019, the wood jam dynamics database consisted of

399 natural and anthropogenic (although none securely anchored to

the channel) jams, including 351 repeat surveys of jam dynamics, from
16 rivers ranging in bankfull width from 4 to 228 m and slope from
0.01 to 27.7%. Of the 351 jam dynamics observations, 35 jams
(10%) mobilized, 98 (28%) accumulated wood, 55 (16%) lost wood,
eight (2%) contracted, none expanded, and 183 (52%) did not change.
We resurveyed 202 jams after a flow of bankfull stage or greater, of
which 35 (17%) mobilized and 76 (38%) did not change. Although
the database does not include many repeat surveys after exceptionally
high flows, the current data suggest that natural wood jams generally
exhibit low rates of mobility, even under bankfull or greater flows.
Bankfull stage appears to act as a mobility threshold: Flows below
bankfull tend not to mobilize jams, whereas mobilization is more likely
but not guaranteed above bankfull flows; this is in agreement with the
synthesis of Kramer and Wohl (2016).

3.1 | Interoperator variability testing

Field tests indicated that measurements of wood jam width, length,
and height were significantly more variable between operators than
binary observations of relative jam geometry. Similarly, we found that
binary descriptions of jam interactions with the valley bottom were
more reproducible than categorical descriptions, and a categorical
obstruction index was more reproducible than a visual estimate of

porosity. See Data S3 for details.

3.2 | Example model: Predicting wood jam
mobilization

From the data currently available, we built a preliminary multiple
logistic regression model to predict jam mobilization given channel
conditions, jam characteristics, and flow magnitude. We present this
model with uncertainty shown by 95% confidence intervals to
demonstrate the potential for WooDDAM predictive models if more
data are submitted to the database, and with the disclaimer that this

information should not be used for decision-making. This model

indicates that jams are 5.31;4”7 times less likely to mobilize with in situ

+11.28

key pieces, 4.037,5°° times more likely to mobilize when in a straight

planform (compared with anastomosing), and 3.63%;¢ times more

likely to mobilize when in a meandering planform (compared with

anastomosing). Jams are also 22.67/2-3 more likely to mobilize during

flows that are greater than bankfull, compared with those that are
near bankfull. It is important to note that in the current database, no
jams that resided in side channels or that experienced a flow less
than bankfull stage mobilized. As such, this model currently predicts
mobility likelihood for jams not in side channels and under flows
greater than or equal to bankfull stage.

From 100 repeats of 10-fold cross validation, this model has a
mean kappa statistic (a measure ranging from -1 to 1, with more pos-
itive values indicating better performance relative to random chance)
of 0.25 + 0.02, a mean true positive rate (rate at which true mobiliza-
tions are predicted correctly) of 0.25 + 0.01, and a mean true negative

rate (rate at which true nonmobilizations are predicted correctly) of
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0.96 + 0.002. Although this model performs significantly better than
random chance, its low rate of true positives indicates that it would
currently be unwise to use this model for decision-making. However,
the moderate success of this model even with the imbalanced and
sparse data currently available indicates the potential of the
WooDDAM machine learning framework to eventually be able
to provide useful predictions of jam dynamics with the addition of
more data. Once data are submitted that make the WooDDAM data-
base larger (decreasing prediction uncertainty) and better balanced
(i.e., having a more even distribution of each binary variable, enabling
more robust predictions of rare events), we anticipate that the
machine learning framework will produce viable predictions of wood
jam dynamics. To round out the database, we will need more observa-
tions of wood jam dynamics, especially occurrences like mobilization,
from more diverse environments (e.g., the database currently has no

observations from rivers that experience ice jam breakup floods).

4 | CONCLUSIONS AND INTENDED USE

We present a field data collection protocol, database, statistical model,
and online user interface that facilitate collaborative data collection to
describe wood jam dynamics in a variety of stream environments. We
have provided justification for our choice of variables, tests of repro-
ducibility, and our observations of jam dynamics. This paper essentially
poses a hypothesis that an adaptive, evolving database and model
paired with a reproducible data collection protocol will prove to be
an effective tool for furthering understanding and prediction of jam
dynamics. Even although its predictions will not always be accurate,
its interpretability will facilitate the integration of model predictions
with other lines of evidence, leading to more effective management
and understanding of wood jams in rivers.

Moving forward, we encourage investigators and practitioners to
utilize this proposed data collection framework and submit easy-to-
collect monitoring data to the database. In doing so, the database will
continue to grow and support an increasingly more effective predic-
tive model. At the same time, this database will likely prove a useful
resource in quantifying factors such as wood jam longevity and
expected natural characteristics of jams. We hope this will aid both
investigators and policy-makers by both informing future research into
the interactions between wood and fluvial geomorphology and policy
that seeks to sustainably manage wood in rivers.

When fully developed, we predict that WooDDAM will provide a
line of evidence to guide the evaluation and design of wood retention
and placement alongside more traditional engineering approaches and
other lines of evidence. For example, predicted relationships between
channel characteristics and wood jam mobility could be used to identify
good candidates for stable wood jam reintroduction along a river net-
work, in conjunction with a more holistic analysis of the basin's wood
regime (Wohl et al., 2019). At the scale of individual jams, WooDDAM
could be used as a check on more traditional force-moment analysis or
hydraulic modelling to predict whether naturally occurring jams are

likely to remain stable or mobilize, which could guide management

actions to mitigate potential risks those eventualities may pose (Wohl
et al.,, 2015). In designing wood jams, predicted relationships between
wood jam characteristics and dynamics such as accumulation or mobi-
lization could be used to guide wood structure design parameters and
wood placement location within the valley bottom, providing a more
data-driven line of evidence that can supplement expert judgement.
For monitoring, WooDDAM facilitates cheap and reproducible tracking
of wood jam dynamics and will provide predictions of wood jam dynam-
ics that could guide adaptive management of dynamic, introduced
wood. For research purposes, we anticipate that WooDDAM could
augment other research objectives: allowing researchers to gain from
the context provided by the broader wood jam characteristics database
while also contributing to a more comprehensive understanding of
wood jam dynamics. Because WooDDAM is a relatively simple and
modular framework, we hope that it will be widely used for understand-

ing wood jam dynamics in streams around the world.
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