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Abstract In-stream wood jams alter their surrounding channel morphology, thus setting riverscape mor-
phology and ecosystem function. While wood jams clearly scour pools, retain sediment, and influence bank
erosion, there is a lack of observational evidence of howwood jam characteristics themselves control morpho-
logic effects. Here, I analyzed field observations of hundreds of wood jams to test the hypothesis thatwood jam
characteristics can predict local morphologic effects such as sediment retention, bar forcing, and pool scour.
I found mixed support for this hypothesis: While jam characteristics such as porosity, channel blockage ratio,
thalwegoccupation, andhaving rootwadsandmultiple trunks significantly predictedmorphologic effect occur-
rence and magnitude, they only explained a small portion of the variance in those morphologic effects. While
wood jam characteristics are relevant in controlling their overall morphologic functions, those functions are
both inherently variable and likely affected by numerous other factors, such as reach-scale topography, the
sediment transport capacity to supply ratio, and interactions with surrounding wood and vegetation. Wood
function restorationmay bemore effective if it targets reach-scale objectives across dynamic wood jam assem-
blages, instead of individual jams.

Non-technical summary Accumulations of logs, orwood jams, in rivers shape the landforms around
them, such as pools and mounds of sediment known as bars. I hypothesized that the characteristics of wood
jams, such as how densely packed they are, where they are in the river channel, and how much of the chan-
nel they block, would determine the size and nature of their effects on the shape of the river channel bed. I
tested that hypothesis by examining hundreds of river-made and human-madewood jams andmeasuring their
effects on the channel around them. I found that wood jam characteristics do explain some of the wood jam
effects on the channel bed. However, the effects wood jams have on the shape of the river around them vary
widely and cannot be fully explained bywood jam characteristics alone. Other factors, such as the shape of the
river upstream and the amount of sediment being transported down the river may also play substantial roles
in determining howwood jams shape their riverine landscape. These results imply that efforts to restore wood
to rivers may be more successful if they account for the variability in how wood jams shape their local riverine
landscape.

1 Introduction

Wood is a transient but influential component of the
riverine landscape, or riverscape (Wohl et al., 2019,
2023). Wood jams, here defined as accumulations of
three or more pieces of wood greater than 1m long and
10 cm in diameter in contact, can influence local and
reach-scale hydraulics by causing constricted, backwa-
tered, jet, wake, or plunging flow (Addy andWilkinson,
2019; Geertsema et al., 2020; Müller et al., 2022; Schalko
et al., 2021; Zhang and Rutherfurd, 2020). These hy-
draulic influences increase hydraulic heterogeneity, di-
versifying patterns of erosion and deposition and thus
producing varied topography (Buffington et al., 2002;
Collins et al., 2012; Keller and Swanson, 1979; Latterell
et al., 2006; Pagliara and Kurdistani, 2017; Pfeiffer and
Wohl, 2018). How wood jams influence channel and
floodplain topography defines their morphologic func-
tion. Themorphologic functions of wood jams form the
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physical foundationof howwood influencesnot only ge-
omorphic evolution, but also ecosystem character and
function.
Past field observational studies of wood influences on

in-streammorphodynamics tend to be limited to noting
the correlation between wood presence and associated
morphologic effects. Field observations of pools, bars,
and sediment wedges apparently created by in-stream
wood are abundant (e.g., Brummer et al., 2006; Buff-
ington et al., 2002; Keller and Swanson, 1979; Latterell
et al., 2006; Leung, 2019; Martens and Devine, 2023;
Mikuś et al., 2013; Montgomery et al., 1995; Pfeiffer and
Wohl, 2018; Wohl et al., 2022; Wohl and Scott, 2017), but
tend to bemade at the reach-scale and thus focus on the
morphologic function of wood at that scale. Few field
studiesmove beyond the correlation betweenwood and
associated morphologic effects to examine the variabil-
ity inwood-inducedmorphodynamics: Wood jams have
generally been found to have a greater hydraulic and
morphodynamic influence at lower porosities (Man-
ners et al., 2007), greater channel blockage (Addy and
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Figure 1 Map of study sites showing locations in theWestern United States. NF is North Fork and SF is South Fork. Grid shows latitude and longitude lines.

Wilkinson, 2016; Livers andWohl, 2021), at certain loca-
tions relative to banks and other wood jams (Zhang and
Rutherfurd, 2020), and when jams have large, rootwad-
attached logs and are perpendicular to flow (Kail, 2003;
Martens and Devine, 2023; Ravazzolo et al., 2015; Seixas
et al., 2020).
Our more detailed understanding of how wood-

induced morphologic functions vary in response to
wood and riverscape characteristics comes primarily
from flume experiments. Experimental observations
of both wood jams and single logs suggest that wood
porosity, size relative to channel cross-sectional area,
orientation, and rootwad presence control the magni-
tude of either scour or deposition (Cherry and Beschta,
1989; Gippel et al., 1996; Ravazzolo et al., 2022; Schalko
et al., 2021; Schalko and Nepf, 2024; Svoboda and Rus-
sell, 2011; Wallerstein et al., 2001). While such studies
provide much more detailed insights into the interac-
tions between specific wood characteristics and mor-
phodynamics thanfield studies, they cannot account for
or describe the real riverscape complexity inhydraulics,
sediment dynamics, andwood the way that field studies
can.
Here, I seek to bridge the gap between experimen-

tal and field observational work on wood morphody-
namic influences by exploring how a broad array of
wood jam characteristics control wood-induced mor-
phologic functions in the context of diverse riverscape
geomorphic characteristics. By measuring wood jam
morphologic effects and the characteristics that might
influence them, I hope to advance our ability to predict
the local morphologic function of wood jams (e.g., pool
scour and bar deposition), helping to inform both our
understanding of how wood jams regulate geomorphic

evolution, but also our ability to restore wood function
in degraded riverscapes.
While wood is commonly used in stream manage-

ment, there is considerable focus on optimizing the use
of placed wood to accomplish specific goals, includ-
ing bank protection or erosion, pool scour, and sedi-
ment retention (Cashman et al., 2018; Ockelford et al.,
2024; Roni et al., 2015). In many cases, wood jams
are intended to achieve morphodynamic goals to spe-
cific magnitudes (e.g., pool depth sufficient to meet
salmonid habitat requirements) and in specific places
in the river corridor (Abbe et al., 2018; Addy andWilkin-
son, 2016; Bureau of Reclamation and U.S. Army Corps
of Engineers, 2015). Manners et al. (2007) highlighted
over a decade ago the significant gap between the dom-
inantly reach-scale nature of studies on wood morpho-
logic effects and the structure-scale engineering that of-
ten guides wood restoration. That same gap exists to-
day, and this paper seeks to take a step towards filling it.
Here, I ask: Can I predict wood jammorphodynamic ef-
fects at the scale of individualwood jams using informa-
tion about wood jam characteristics and the surround-
ing reach? And, if so, what wood jam characteristics are
most important in making such predictions?

2 Methods
I surveyed wood jam characteristics and morphologic
effects from 2019 to 2022 across six rivers in Washing-
ton, Oregon, and Colorado: North Fork Big Thomp-
son River, CO, Deer Creek, OR, South Fork McKenzie
River, OR, North Fork Teanaway River,WA, Shale Creek,
WA, and Cedar River, WA (Figure 1). These gravel-bed
rivers range in bankfull depth from 0.1 to 3.1 m, bank-
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Table 1 List of wood jam characteristics metrics included in this study. If a metric was measured for the Cedar subset (n = 301), then it was evaluated in
statistical models using the entire dataset (maximum n = 729). If a metric was not measured for the Cedar subset, then it was only evaluated in statistical
models using the rest of the dataset (maximum n = 428). Please see Scott et al. (2019) for more detailed descriptions of WooDDAM variables measured here
(i.e., all metrics except for blockage ratio, jam length, and key piece presence).

Metric (units or categories) Description Measured for
Cedar subset

Location (decimal degrees) Latitude and longitude from a handheld GPS or smartphone with pre-
cision on the order of 5 m Yes

Bankfull width (m) Width between bank tops for the reach surrounding each jam, mea-
sured with a laser rangefinder with precision on the order of 0.1 m Yes

Bankfull depth (m) Depth between the lowest bank top and the thalweg, measured with a
laser rangefinder No

Slope (%) Slope of the channel bed surrounding each jam, measured with a laser
rangefinder No

Bed surface grain size (sand, gravel,
cobble, boulder, bedrock)

Visual estimate of the dominant bed surface grain size in the reach sur-
rounding the jam, following the Wentworth scale No

Channel confinement (binary)
Whether the channel surrounding the jam is confined: yes if the wetted
width at 2x the bankfull stage is less than 1.5x the bankfull width, other-
wise no

No

Jam orientation (binary)
Whether the jam is oriented along or across the flow direction. Parallel
if the bulk of the jam is longer (parallel to flow) than it is wide (perpen-
dicular to flow).

Yes

Obstruction index (porosity, 1 – 3) Visual estimate of jam porosity, categorized as 3 (0 – 25 % porosity), 2
(25 – 75 % porosity), or 1 (75 – 100 % porosity). Yes

Rootwad presence (binary) Whether the jam had key logs with attached rootwads Yes

Multiple trunk presence (binary) Whether the jam had key logs with either multiple trunks or large
branches Yes

Blockage ratio (%)

Ratio of jamwidth to channel bankfull width. Jamwidthwasmeasured
in the field as the cross-sectional width of the bulk of the jam (i.e., ex-
cluding logs that extended far from the rest of the jam) or using drone-
derived orthorectified imagery (resolution of 2 – 8 cm) to measure the
total width of the jam (i.e., possibly including outlier logs thatmay have
been excluded in field measurements).

Yes

Jam length (m) Streamwise length of the wood jam, measured similarly to jam width. No

Key piece presence (binary)
Whether the jam included key pieces as defined by Fox and Bolton
(2007) for the Cedar River, WA as those with rootwads and a volume
over 10.48 m3 (370 ft3)

Yes (only in
Cedar subset)

full width from 2.1 to 174 m (although 174 m was an
outlier: the 95th percentile bankfull width was 64 m),
and slope from 0.01 to 6.82%. Planforms represented in
this dataset include broad,multi-channel anastomosing
rivers exhibiting river-wetland corridor characteristics
(South Fork McKenzie, Deer), dominantly one- to two-
thread meandering to anabranching rivers with occa-
sional reaches of river-wetland corridor (Cedar, Shale,
North Fork Teanaway), and steep, confined, single-
thread rivers with minimal meander migration (North
Fork Big Thompson). For all but the South Fork McKen-
zie River, surveys included every jam within multiple
segments on each river ranging from approximately 0.1
to 1 km in valley length. For the South Fork McKenzie,
I chose a subset of jams that captured the variability in
wood jam characteristics at that site.

All of these sites were the locations of wood restora-
tion projects, although the surveyed jams include a

mix of jams of both fluvial and anthropogenic origin.
Along Shale Creek and the Cedar River, wood reintro-
duction largely took the formof a fewwell-anchored en-
gineered log jams (ELJs) and the vast majority of sur-
veyed jams were fluviogenic. Along the North Fork Big
Thompson, logs were placed and often partially buried
in clusters and generally consisted of discrete jams,
although nearly all jams were anthropogenic. Along
the North Fork Teanaway, bundles of loose logs were
placed by helicopters and a few ELJs were constructed
and stabilized using buried pilings and threaded steel
rods; most of the wood in surveyed jams was anthro-
pogenic, although most jams were formed by fluvial re-
arrangement of placed loose wood. Finally, along Deer
Creek and the South Fork McKenzie, dozens of unan-
chored jams and hundreds more dispersed, loose logs
were placed as part of widespreadwood reintroduction,
and while most jams were formed from human-placed
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Figure 2 Drone photo from 30 July 2021, showing an example of quadrants and morphologic effects noted for 3 jams along the North Fork Teanaway.
Where no morphologic effects were present, none are noted on this figure. Note that the upstream-most jam is channel-spanning, whereas the other two
are not. Flow direction is shown by the blue arrow.

wood, they had nearly all been fluvially rearranged (for
more details on the restoration to Stage 0 that occurred
at these sites, see Flitcroft et al., 2022; Scott, 2024).

This dataset includes 546 unique wood jams on
which I collected 729 independent observations ofwood
jam characteristics and associatedmorphologic effects.
Two hundred of those 729 observations are repeat ob-
servations, the inclusion of which was intended to per-
mit testing whether jam characteristics and morpho-
logic effects would change in predictable ways through
time. These repeat observations introduce the possi-
bility of observation dependence. To ensure indepen-
dence between observations necessary for statistical
analysis, repeat observations were only included in the
analyzed dataset if a flow of near or above bankfull
stage occurred between observations of the jam and its
morphologic effects. Based on documented change in
jamand surrounding channelmorphology (Kramer and
Wohl, 2017; Scott et al., 2019), near or above bankfull
flows are likely sufficient to move both wood and sedi-
ment, producing the possibility of an effectively new set
of wood jam characteristics and morphologic effects.

Of the 729 wood jam observations, 301 (all unique
jamswith no repeat observations) came fromamore fo-
cused study on the Cedar River in 2021, which involved

measuring a reduced set of wood jam and morphologic 
effect metrics. For clarity, I refer to these 301 observa-
tions as the “Cedar subset” of the dataset.

I measured wood jam characteristics and flow magni-
tude between repeat surveys following the methodology 
of the Wood Jam Dynamics Database and Assessment 
Model (WooDDAM; Scott et al., 2019). Wood jam charac-
teristics measurements included in this study are listed 
and described in Table 1. The Cedar subset had a re-
duced set of wood jam characteristics, as noted in Ta-
ble 1.

For observations of wood jam morphologic effects for 
measurements other than the Cedar subset (n = 428), 
I measured such effects manually in the field in four 
quadrants around wood jams: upstream, downstream, 
and on the left and right sides of the jam (Figure 2). The 
downstream and upstream quadrants were defined as 
being directly upstream (where a backwater could oc-
cur) or downstream (where a potential wake could oc-
cur) from the bulk of each jam. Left and right quad-
rants were defined as being lateral (i.e., along the cross-
stream direction on either side) to the bulk of each 
jam and not overlapping upstream or downstream ar-
eas. Within each quadrant, I noted the dominant in-
channel morphologic effect (largest by planform area)
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Figure 3 Examples of each type ofmorphologic effect surveyed in this study, including (a) a scour pool on the upstream side of jam shale1 on 14 July 2021,
(b) a forced bar downstream of jam cedar10 on 9 September 2020, (c) a sediment wedge retained by jam shale9 on 15 July 2021, (d) a cut bank to the left of
jam cedar11 on 6 February 2021, and (e) a scour pool downstream of jam deercreek73 on 3 August 2021.

as either a scour pool, forced bar, cut bank, or sediment
wedge (examples of each shown in Figure 3). For jams
whose bulk contacted or extended over the banks, left
and right morphologic effects could only be cut banks,
as morphologic effects atop floodplains were not mea-
sured. Where jams were so closely spaced as to have
potentially overlapping zones of hydraulic influence, I
inferred whethermorphologic effects were the result of
a single jam or multiple, then assigned those effects to
the quadrants they fell in with regards to each nearby
jam.
I used the following definitions of morphologic ef-

fects. Scour pools forced bywood jams here are defined
as concave-up depressions in the channel bedwhose ge-
ometry matches typical scour pool patterns observed
around in-stream wood (Leung, 2019) and which are
unlikely to have resulted from other structural forcing.

Forced bars are defined here as convex-up depositional
landforms adjacent to wood jams whose location and
geometry would be difficult to explain in the absence of
the inferred high-flow hydraulic effects of the wood jam
(e.g., inferred wake zones, eddies, or backwaters). Sed-
iment wedges are defined here as depositional wedges
formedon the upstreamside of channel-spanningwood
jams that bury at least a portion of the upstream face of
the jam. Cut banks are scalloped, near-vertical, recently
eroded (i.e., unvegetated) banks around the flanks (left
or right sides) of wood jams whose geometry and river
corridor location would be difficult to explain in the ab-
sence of the inferred hydraulic effects of the wood jam
(e.g., flow constriction against the bank).
For the dominant morphologic effect in each quad-

rant, I measured the magnitude of the effect either as
the residual depth of scour pools, residual height of
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forced bars (i.e., the residual depth of the bar if it were
conceptualized as an upside-down pool), the maximum
horizontal distance between the existing cut bank top
and a line connecting the upstream and downstream
edges of the cut, and the height of sediment wedges
from the downstream side of the jam to the surface of
the wedge just upstream of the jam. I also noted the bed
surface substrate size class in each quadrant for com-
parison against the reach-scale dominant bed surface
substrate size class. For lateralmorphologic effects (i.e.,
those on the left or right sides of the jam), I also mea-
sured the planform streamwise extent of the morpho-
logic effect.
For the Cedar subset (n = 301), I measured morpho-

logic effects manually in the field as only scour pool
presence/absence, the residual depth of the deepest
scour pool (regardless of position around the jam), and
whether the jam retained spawning gravel (i.e., a spe-
cific criteria for sediment retention), without differenti-
ating morphologic effects in each quadrant around the
jam. Spawning gravel retention was defined as whether
the wood jam retained or caused deposition of spawn-
ing gravel, defined as patches of bed surface sediment
> 1.86 m2 (20 ft2) in which over 75% of the material is
between 2.5 and 152.4 mm (0.1 to 6 in) in intermediate
axis diameter, based on Chinook Salmon (Oncorhynchus
tshawytscha) redd surveys along the Cedar River (Burton
et al., 2000).
For the purpose of the statistical modeling presented

below, I present models using both the full dataset (i.e.,
everywood jam forwhich a given response variable was
measured, maximum n = 729), and for the dataset ex-
cluding the Cedar subset (maximum n = 428), which
lacked the full set of jam characteristics and morpho-
logic effect data. This splitting of the dataset allowed
me tomaximizemy sample size for each statistical anal-
ysis without excluding predictor or response variables
that were not measured for every jam. For spawning
gravel retention, the only response variable unique to
the Cedar subset, I was only able to model data from
the Cedar subset (n = 301). Each model presented be-
low is noted as either excluding the Cedar subset (to in-
clude variables notmeasured for theCedar subset,max-
imum n = 428), or including the Cedar subset (includ-
ing only variables measured in the Cedar subset as well
as the rest of the dataset, maximum n = 729). Note that
sample sizes for models presented here may not be the
maximum sample size possible, as some variables (es-
pecially bankfull depth in deeper channels) were un-
measurable and regarded as missing data for some jam
observations.
I performed statistical analyses using the R statistical

package (R Core Team, 2023) and the tidyverse package
(Wickham et al., 2019) in RStudio (RStudio Team, 2020).
To test which jam and reach characteristics (i.e., predic-
tors) controlled wood jam morphologic effect presence
and magnitude (i.e., responses), I first performed uni-
variate comparisons and correlation analyses between
each response and each predictor hypothesized to po-
tentially control it. I used that univariate filtering to
select only predictor variables with plausible correla-
tions with each response, based onWilcoxon rank-sum

tests, Spearman correlation coefficients, and graphical
and tabular examination. I then performed backward
stepwise multiple regression (linear for continuous re-
sponses, namelymorphologic effect magnitude, and lo-
gistic for binary responses, namely the presence of spe-
cific morphologic effects), creating a full model with
all plausible predictor variables, then eliminating the
least significant predictor variable until all remaining
variables were significant at an alpha value of 0.1 (i.e.,
p < 0.1). I also considered 95% confidence intervals
on model parameters and effect directions and magni-
tudes. I evaluatedmodel assumptions for the fullmodel
and selectedmodel and transformed response variables
using a natural logarithm transformation when neces-
sary to meet the assumption of homoscedasticity of er-
ror terms for multiple linear regressions.

3 Results
3.1 Wood jamandmorphologic effect change

through time
The inclusion of repeat observations was intended to
permit testing the hypothesis that as jam characteristics
change, jammorphologic effects would change accord-
ingly. However, likely due to the low precision of wood
jam characteristics observations (e.g., the use of cate-
gorical porosity measurements, see below), this dataset
proved insufficient to test that hypothesis — very few
wood jams experienced substantial change in the char-
acteristics that ended up controllingmorphologic effect
occurrence and magnitude (e.g., only 27 of the 200 re-
peat observations showed change in blockage ratio, and
only 14 showed change in obstruction index). However,
jammorphologic effects did vary through time: 53 of the
200 repeat observations either experienced a change in
their maximum scour pool depth or changed whether
they scoured a pool and 49 of those observations sim-
ilarly changed in terms of forced bar presence and/or
height. This justifies the inclusion of these repeat obser-
vations in characterizing the variability in the morpho-
logic effects that can result fromwood jams, although it
does not permit a sufficient sample size to test my orig-
inal hypothesis that both jam characteristics and jam
morphologic effects would change accordingly through
time.

3.2 Patterns in wood jammorphologic effect
occurrence and location

Jams usually had somemorphologic effect in the gener-
ally wadeable, gravel- to cobble-bed streams surveyed
here. Only 96, or 22% of the 428 jam observations for
which all morphologic effects were surveyed lacked any
morphologic effect. Of those 332 jams with morpho-
logic effects, 154 (46%) simultaneously induced both de-
positional (forced bar or sedimentwedge) and erosional
morphologic effects andbothpool scour andbardeposi-
tionwere nearly equally common. Two hundred twenty
eight jams (53%) forced at least one bar, and 242 (57%)
scoured at least one pool. Twenty eight jams (7%) re-
tained a sediment wedge, and 44 jams (10%) eroded a
cut bank. Of the 301 jams on the Cedar River for which
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Figure 4 Univariate plots showing the relationship between maximum scour pool depth and (a) bankfull width, (b) blockage ratio, (c) rootwad presence,
(d) obstruction index 2 or 1 versus 3, (e) jam clast size relative to reach clast size, and (f) thalweg occupation. For boxplots, whisker ends represent 1.5 times
the interquartile range, box ends represent 25th and 75th quartiles, mid-line represents median, black points beyond box whiskers represent points outside
the 1.5 times interquartile range (outliers), and grey jittered points show raw data.

I only measured pool scour and spawning gravel reten-
tion, 115 (38%) scoured at least one pool and 92 (31%)
retained spawning gravel.

Scour pools were more common longitudinally,
rather than along jam flanks (i.e., lateral pools). These
longitudinal pools occur either upstream, likely from
flow plunging under the jam (e.g., similar to pools ob-
served by Schalko, 2020), or downstream of the jam,
likely from flow plunging over the jam or jets emerg-
ing from underneath jams. Further, longitudinal scour
pools tended to be slightly more common downstream
of jams. Of the 242 jams for which I measured pool lo-
cation and that scoured pools, 103 (43%) scoured lateral

pools along their flanks and 178 (74%) scoured longitu-
dinal pools either upstream or downstream of the jam.
Of those 178 jams that scoured longitudinal pools, 92
(52%) scoured a pool upstream of the jam, 114 (64%)
scoured a pool downstream of the jam, and 28 (16%)
scoured pools both upstream and downstream.

Forced bars also tended to be more common longitu-
dinally, likely either fromupstreambackwatering or the
formation of downstream wake zones; upstream back-
watering tended to be the more common mechanism
of forcing such bars. Of the 228 jams that forced bars
(this doesnot include the 28 jamswith sedimentwedges,
although they are also likely formed from upstream
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Figure 5 Univariate plots showing the relationship between maximum forced bar height and (a) bankfull width, (b) obstruction index 2 or 1 versus 3, (c)
rootwad presence, and (d) jam orientation relative to flow. For boxplots, whisker ends represent 1.5 times the interquartile range, box ends represent 25th
and 75th quartiles, mid-line represents median, black points beyond box whiskers represent points outside the 1.5 times interquartile range (outliers), and
grey jittered points show raw data.

backwatering), 48 (21%) forced lateral bars along their
flanks, and 202 (86%) forced bars longitudinally, ei-
ther upstream or downstream of the jam. Of the 202
jams that forced longitudinal bars, 152 (75%) forced up-
stream bars, 85 (42%) forced downstream bars, and 35
(17%) forced both upstream and downstream bars.

3.3 Scour pool presence and depth

Pool scour is by nomeans a guaranteed result of a wood
jam interacting with streamflow. Of the 729 total jams
surveyed, only 357 (49%) had noticeable scour pools.
Even a very high degree of blockage does not guarantee
pool scour: Of the 164 jams that blocked 90% or more
of the channel width, only 100 (61%) had scour pools.
Likewise, particularly low porosity also does not guar-
antee pool scour: Of the 250 jams with an obstruction
index of 3 (i.e., low porosity), only 158 (63%) scoured
pools.
Scour pool presence was a function of jam porosity,

blockage ratio, the presence of rootwads, and the bed
surface substrate around the jam relative to the reach-
average bed surface substrate. Pools were more likely
to occur if jams had lower porosity, blockedmore of the
channel, had rootwads, and had bed substrate around
them that was finer than the reach-average bed sub-
strate size (Table S1). However, when modeled with a
smaller dataset excluding the Cedar subset (n = 390),

rootwads did not emerge as a significant predictor, indi-
cating that they may have a less consistent influence on
scour pool formation than other variables (i.e., a higher
sample size is required to detect the signal of their in-
fluence) or may have simply had a disproportionately
large impact on scour pool formation in the Cedar sub-
set, which was included in the full model (n = 691).
The maximum scour pool residual depth around a

wood jam (i.e., the depth of the deepest pool, if multiple
existed), was a function of blockage ratio, rootwad pres-
ence, porosity, thalweg occupation, and bed surface
substrate around the jam relative to the reach-average
bed surface substrate. Pools tended to be deeper when
jams blocked more of the channel, had lower poros-
ity, had rootwads, occupied the channel thalweg (i.e.,
the deepest portion of the channel), and had bed sub-
strate around them that was finer or similar in size to
the reach-averagebed substrate size (Table S1, Figure 4).
Similar to the effect of rootwads in predicting scour pool
presence, porosity did not emerge as a significant pre-
dictor in the smaller model of this response that ex-
cluded the Cedar subset, indicating that it may have
a more variable or smaller effect on scour pool depth
than wood jam characteristics such as blockage ratio
and thalweg occupation.
Notably, I found it to be uncommon for wood jams to

be able to scour pools in reaches dominated by coarse
sediment (cobble or boulder-dominated bed surface
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Figure 6 (a) Scatterplot of maximum lateral morphologic effect streamwise length versus jam length, with solid 1:1 line and dashed linear regression
corresponding to the equation shown. (b) Histogram of wood jam count by maximum lateral morphologic effect streamwise length divided by jam length.

texture)without those jams having locally finer bed sed-
iment where they scoured those pools. Of the 153 jams
that scoured pools in coarse reach-average bed surface
sediment (i.e., cobble or coarser), 124 of them (81%)
had finer sediment where the pools were actually being
scoured (this proportion increases to 90%when consid-
ering only the 86 jams that scoured pools deeper than
0.5 m).

3.4 Forced bar presence and height
Forced bar presence was less predictable than scour
pool presence: After model selection, only the pres-
ence of rootwads significantly predicted bar presence
(n = 428, p = 0.0024), although only with an overall ac-
curacy of 57% (sensitivity of 19%, specificity of 92%).
Jams with rootwads were found to be 2.50 times (95%
confidence interval between 1.40 and 4.58) more likely
to have forced bars. However, the accuracy of that rela-
tionship is only slightly better than random chance.
Forced bar height, similar to bar presence, was more

difficult to predict than scour pool residual depth. Af-
ter accounting for bankfull width (wider rivers tend to
have larger bars), bars tend to be taller when jams are

perpendicular to flow, have low porosity, and have root-
wads (Table S2, Figure 5).

3.5 Sediment retention
Sediment retention, as measured here, is the occur-
rence of forced bars or sediment wedges around wood
jams (i.e., depositional features, not the occurrence of
jams preventing erosion that would have otherwise oc-
curred in their absence, which could also be consid-
ered a form of sediment retention). While this is sim-
ilar to forced bar presence (i.e., jams that only force
a bar would have a positive response for both this
model and the logisticmodel predicting forcedbar pres-
ence), this metric relaxes the criteria for a jam having
a measured morphologic effect, which may explain the
greater number of significant predictors in this model.
General sediment retention was more likely to occur if
jams blocked more of the channel, were of moderate to
low porosity, existed in a reach with dominantly gravel
or finer bed surface sediment, and contained key pieces
with multiple trunks, after accounting for the general
trend of deeper channels being less likely to retain sed-
iment (Table S3). Taken generally, wood jams that ob-
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struct more of the flow and provide greater hydraulic
roughness tended to be more likely to retain sediment.

3.5.1 Spawning Gravel Retention

A specific case of sediment retention iswhenwood jams
induce the deposition of gravels within the size range
thought to be acceptable for fish spawning. Here, ex-
amining only the subset of wood jams surveyed on the
Cedar River for which I measured spawning gravel re-
tention, I found that such retention was more likely
around wood jams that had low porosity, had rootwads,
and blocked a higher proportion of the channel, after
accounting for the tendency of wider channels to be
more likely to retain spawning gravel (Table S4).

3.6 Lateral morphologic effect length corre-
spondence with jam dimensions

I examined whether wood jam morphologic effects
along the sides of jams corresponded solely towood jam
dimensions (i.e., whether longer jams produce longer
lateral morphologic effects) or to other wood jam char-
acteristics. I found that lateral morphologic effects are
commonly (70% of observations) limited by the length
of wood jams, that is, less than or equal to the length of
wood jams that create them (Figure 6a). While lateral
morphologic effect length correlated with jam length
(p value for Spearman correlation coefficient < 0.0001),
other wood jam characteristics or reach characteristics
did not reliably predict morphologic effect length. Of
the 30% of jams withmorphologic effects that stretched
beyond the length of the jam, the majority were either
cut banks or scour pools (Figure 6b).

4 Discussion
Here, I first discuss patterns in the occurrence andmag-
nitude of wood jam morphologic effects and how those
patterns fit into and perhaps expand our current under-
standing ofwood influences on hydraulics andmorpho-
dynamics. I then offer my opinion on the implications
of these findings for efforts to restore wood function to
impaired riverscapes.

4.1 Patterns in wood jammorphologic effect
occurrence andmagnitude

Prediction of morphologic effect occurrence and mag-
nitude at the scale of individual wood jams in this
dataset is generally inaccurate. The statistical models
presented here, from hundreds of wood jams and using
a myriad of jam and channel characteristics to predict
morphologic effects, show high accuracy for spawn-
ing gravel retention (78%), moderate accuracy for pool
scour (64%) and sediment retention (65%) occurrence,
and low accuracy for forced bar occurrence (57%). Sta-
tistical modeling only explained a small proportion of
the variance of scour pool depth (R2 = 0.20 – 0.22) and
even less for forced bar height (R2 = 0.09). That is, these
observations poorly support my hypothesis that wood
jam characteristics can predict wood jam morphologic
effects in the context of channel characteristics.

That being said, I can glean some insights into how
the factors measured here tend to influence wood jam
morphologic effects, even if those effects are highly
variable and difficult to predict. Of the wood jam char-
acteristics measured here, only a select few emerged
as relevant in regulating wood jammorphologic effects:
porosity, blockage ratio, orientation relative to flow, in-
teraction with the thalweg, or deepest portion of in-
channel flow, and the presence of structurally complex
or large elements, namely rootwads and branching or
multiple trunks. For the set of jams for which I mea-
sured both key piece (i.e., large logs) and rootwad pres-
ence (i.e., the Cedar subset), these two variables were
too well correlated (p value for Χ2 test < 0.0001) to dif-
ferentiate in statisticalmodeling, and thus it is plausible
that the effects of rootwads couldbe inpart explainedby
those logs tending to be larger. While this set of wood
jam characteristics aligns well with past studies, the re-
sults presented here cover a notably large sample size
and a variety of morphologic effects. In addition, thal-
weg occupation and multiple trunk presence have not,
to my knowledge, previously emerged as controls on
wood jam morphologic functions. Thalweg occupation
highlights the importance of wood being able to inter-
act with energetic flow to be able to shape the channel
bed. Multiple trunk presencemay reflect a similar char-
acteristic to the interstitial complexity found to regulate
wood jam hydraulic and bed sediment effects by Cash-
man et al. (2021). The importance of wood structural
complexity also highlights that wood jams comprised
of wood species with substantially different character-
istics than those that dominate this dataset (primarily
trees in the Pinaceae and Salicaceae families) may pro-
duce different patterns of morphologic effects.
That scour pools rarely occurred in coarse channel

bed sediment indicates the importance of local fine sed-
iment deposits in enabling pool scour in coarse-bedded
riverscapes (e.g., those in which incision and narrow-
ing prevents fine sediment retention). This finer bed
surface sediment could either be present due to scour
through an armor layer or from the local deposition of
fine sediment immediately surrounding the jam, which
was then scoured to form a pool (e.g., Figure 7). Either
way, this indicates the importance of the presence of
fine sediment in the riverscape in achieving scour pools
aroundwood jams. For systems so incised as to have ex-
posed bedrock or exclusively coarse clasts (i.e., not just
an armored layer), fine sediment retention is likely nec-
essary prior to jams being able to scour pools.
The importance of reach-average bed surface tex-

ture in predicting the occurrence of sediment retention
may stem from the importance of some combination of
wood jams requiring adequate sediment supply to gen-
erate depositional features or lower reach-average sedi-
ment transport capacity making it more likely for wood
jams to be able to retain sediment in their vicinity. How-
ever, slope, bankfull width, and confinement, all indi-
cators of potential unit stream power, did not correlate
significantly with sediment retention, which I would
have expected if reach-scale sediment transport capac-
ity was a dominant control (Wohl and Scott, 2017). I also
note that this dataset has few sand-bedobservations and
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Figure 7 Photo taken 29 July 2021 of a wood jam on the North Fork Teanaway River (ID north fork teanaway23/24) that has both induced upstream gravel
deposition over a formerly cobble bed, then scoured a pool into that deposited sediment. Arrow indicates flow direction, and blue oval outlines the scour
pool on the upstream side of the jam.

wood jammorphologic effects in lower-gradient. Sand-
bed rivers may exhibit more predictable patterns than
were observed here.
Thewood jam characteristics thatmake jams acceler-

ate flow to cause scour also commonly decelerate flow
to create depositional backwaters or wakes, increasing
hydraulic and sediment transport capacity heterogene-
ity around wood jams. This is shown here by three
findings: (1) very similar wood characteristics predict
both sediment retention and pool scour, (2) numerous
wood jams create both scour and depositional features,
and (3) wood jam morphologic effects show consider-
able variability in their location around jams, indicat-
ing that slowed or accelerated flow can occur in varied
locations. This matches observations from flume ex-
periments (Leung, 2019; Schalko and Nepf, 2024) that
similarly find both scour and deposition around wood
structures. These findings support the general idea that
wood jams do not simply increase the potential for ero-
sion or deposition alone, but instead diversify the flow
field (Matheson et al., 2017) and, through extension,
the morphology of the riverscape itself (Gurnell et al.,
2005), not only through time (Galia et al., 2024), but also
around individual jams.
Factors external to a given wood jam appear to ex-

plain more of the variance in wood jam morphody-
namic functions than wood jam characteristics them-
selves (at least, those measured here; other unmea-
sured factors, such as the presence of gaps beneath
jams, may also be important; Follett et al., 2021). These
other factors may include channel cross-sectional and
planform geometry, the ratio of sediment transport ca-
pacity to supply, the local influence of vegetation, the
influence of nearby wood jams, and the sequencing
of geomorphic change (e.g., sediment deposition be-
ing required prior to pool scour, as documented above).
These factors all vary in timeand space as the riverscape
andwood storedwithin it evolve. Even if all of these fac-

tors were readily measurable, their inherent dynamism
would make it difficult to use them to predict the mor-
phologic effects of wood jams for more than a short pe-
riod of time.
The importance of external factors is also highlighted

by the finding that morphologic effects tended to be
about as long or shorter than jams themselves, instead
of correlating with jam characteristics. This contrasts
with flume findings for isolated wood jams or logs that
generally show lateral and downstream hydraulic and
morphologic effects that extend far beyond the plan-
form extent of the wood structure that causes them
(Schalko et al., 2021; Schalko andNepf, 2024). I hypothe-
size that this contrast is due to the generally complexhy-
draulics of the wadeable, wood-rich rivers studied here,
withbranching, bending, and convergingflow, complex
banks, and multiple wood structures that hydraulically
interact. This hypothesis draws from field and flume
observations that suggest that the interaction of mul-
tiple wood structures regulates their morphologic ef-
fects (Schalko et al., 2024; Zhang et al., 2019; Zhang and
Rutherfurd, 2020).
I also note that this dataset comes from a limited bio-

climatic range of mainly wadeable, gravel-bed rivers of
the Pacific Northwest, United States. While the phys-
ical processes of jam-induced hydraulics and morpho-
dynamics should be well-transferable across regions,
sand-bed rivers may exhibit more predictable relation-
ships between jam characteristics and morphologic ef-
fects. The relationship between jam characteristics and
morphologic function in much larger rivers may also
differ from those observed here.

4.2 Implications for wood restoration
River restoration success is a function of how human
alterations change riverscape processes and the objec-
tives we set for the magnitude and direction of that
change (Dufour and Piégay, 2009). Setting precise ob-
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jectives or design criteria for the morphologic function
of individual wood jams may be infeasible given that
those functions are controlled by factors generally out-
side the control of restoration design. Rather, it may be
more feasible to target reach-scale restoration of wood
morphologic function across numerous jams or assem-
blages of transient wood in which the variations among
individual wood jams could be more readily averaged
out. To exemplify this, I summarize the portion of this
dataset describing anthropogenic jams on Shale Creek
(eight ELJs) and the NF Teanaway River (46 jams, a mix
of anchored ELJs and unanchored jams). Placed wood
was intended to diversify the in-stream environment by
creating pool habitat for salmonids (Shale) and retain
sediment to cause reach-scale aggradation that could re-
verse anthropogenic incision (both sites). Of the eight
jams along Shale Creek, seven (88%) scoured pools, but
only three (38%) retained sediment. Of the 46 jams at
NF Teanaway, 31 (67%) retained sediment as intended.
Both projects can broadly be described as successful if
their objectives only regard reach-scale wood function,
but that success would not be nearly as evident if such
objectives were set at the scale of individual jams.
Even if restoration targets reach-scale woodmorpho-

logic function, designing placed wood to have specific
characteristics (e.g., high blockage ratio, low poros-
ity, structural complexity from rootwads and branches,
etc.) onlymoderately increases the likelihood of achiev-
ing a predictable morphologic function. Influential ex-
ternal factors, such as reach-scale sediment transport
capacity, vegetation establishment, and hydraulic ef-
fects of other jams and channel topography all may be
affected by placedwood and feedback onwood function
itself (Collins et al., 2012; Gurnell and Bertoldi, 2020).
In addition, wood is a transient component of river-
scapes, decaying, breaking, and changing over short
timescales, even when anchored in place (Andersen
et al., 2016; Merten et al., 2013; Sass, 2009; Scherer,
2004; Spänhoff andMeyer, 2004;Wohl et al., 2019, 2023).
Thus, as time passes after restoration, wood morpho-
logic functionwill depend less and less on as-built wood
characteristics andmore on the assemblage of wood set
by the wood regime. This all makes it difficult to sus-
tainably restore wood morphologic function through
the careful design of placed wood characteristics alone.
While placed wood intended to produce specific, local
effects (e.g., bank protection or scour mitigation) cer-
tainly must be carefully designed at the jam scale, that
same careful design is insufficient and may be counter
to achieving the heterogeneity and dynamism that are
necessary for resilient riverine ecosystem function (Hi-
ers et al., 2016).
Extrapolating from the results presented here and

past work on wood dynamics, I propose four key fac-
tors specifically required (i.e., in addition to typical
design criteria for process-based restoration) for suc-
cessful restoration of wood morphologic function: (1)
restoration should target wood morphologic function
at the reach scale, across wood assemblages instead
of individual jams, (2) placed wood should either have
or be able to develop characteristics that tend to pro-
duce substantial morphologic effects, such as blocking

a large proportion of the channel and having low poros-
ity, (3) because those characteristics by no means guar-
antee wood morphologic function, wood design should
account for the variability of wood-induced morphody-
namics by intentionally including redundancy, allowing
for a substantial amount of placed wood to function dif-
ferently than intended, and (4) design should ideally en-
sure a long-term supply of wood, or a wood regime that
enables the formation and maintenance of jams as the
riverscape changes and wood breaks down. Recent ef-
forts that successfully usewood to influence reach-scale
geomorphic evolution, such as low-tech process-based
restoration and restoration to a Stage 0 condition tend
to include the first three of these factors (Flitcroft et al.,
2022; Grabowski et al., 2019; Scott, 2024;Wheaton et al.,
2019; Williams et al., 2020). However, even those ef-
forts often do not restore the wood regime, something
that may take decades to centuries of watershed-scale
stewardship (Martens et al., 2019; Stout et al., 2018).
Given that long timescale, it is likely that long-term
wood restoration will require adaptive management or
stewardship in the form of periodic wood supplementa-
tion.
My original aim for this work was to partially fill the

knowledge gap between our reach-scale understanding
of wood jam morphodynamic functions and our desire
to engineer those functions at the much more precise
scale of individualwood jams, highlightedover adecade
ago by Manners et al. (2007). I wonder if that aim was
unreasonable. Instead of showing howwood character-
istics can reliably predict wood function, I have come to
appreciate from this effort that the morphologic effects
of individual wood jams are highly variable and difficult
to predict. This has led me to speculate that wood func-
tion restoration may be more successful when it both
targets a scale larger than that of individual jams and
also intentionally plans for a high degree of variability
in howplacedwoodmay shape the riverscape. Thismay
be especially appropriate for wood restoration aimed
at enhancing riverine ecosystems, which depend more
on reach-scale geomorphic evolution than the specific
functions of individual jams.

5 Conclusion
Here, I present a dataset of hundreds of observations of
wood jam characteristics, channel characteristics, and
associated wood jammorphologic effects. Through sta-
tistical analysis of this dataset, I find that certain wood
jamcharacteristics, notably porosity, blockage ratio, ob-
struction of the thalweg, and the presence of struc-
turally complex or large elements, namely rootwads
and branching or multiple trunks, help explain some
of the substantial variance in wood jam morphologic
effects. However, a bigger picture takeaway from this
analysis is that wood jammorphologic effects are highly
variable and difficult to predict from wood jam and lo-
cal channel characteristics alone. This highlights the
importance of reach- and watershed-scale geomorphic
context in understanding wood function, as well as the
inherent high degree of variability of that function in
dynamic riverscapes.
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