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ABSTRACT: The rates and styles of channel adjustments following an abrupt and voluminous sediment pulse are investigated in
the context of site and valley characteristics and time-varying sediment transport regimes. Approximately 10.5 x 106m3 of stored
gravel and sand was exposed when Barlin Dam failed during Typhoon WeiPa in 2007. The dam was located on the Dahan River,
Taiwan, a system characterized by steep river gradients, typhoon- and monsoon-driven hydrology, high, episodic sediment supply,
and highly variable hydraulic conditions. Topography, bulk sediment samples, aerial photos, and simulated hydraulic conditions are
analyzed to investigate temporal and spatial patterns in morphology and likely sediment transport regimes. Results document the
rapid response of the reservoir and downstream channel, which occurred primarily through incision and adjustment of channel gra-
dient. Hydraulic simulations illustrate how the dominant sediment transport regime likely varies between study periods with sedi-
ment yield and caliber and with the frequency and duration of high flows. Collectively, results indicate that information on
variability in sediment transport regime, valley configuration, and distance from the dam is needed to explain the rate and pattern
of morphological changes across study periods. Copyright © 2013 John Wiley & Sons, Ltd.
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Introduction

Channel response to sediment pulses are qualitatively predict-
able, with conceptual models offering important guidance for
managing habitat and infrastructure impacts with deliberate
pulse releases (Bartley and Rutherfurd, 2005; Hoffman and
Gabet, 2007). However, quantitative projection of channel
response is a challenging problem due to the complex linkages
between hydraulic and sediment processes at basin and local
scales. To better understand rates and patterns of channel
recovery (sensu Wolman and Gerson, 1978) following a
sediment pulse, a growing number of field studies, laboratory
experiments, and numerical models have been conducted
(see Lisle, 2008 for review; Sklar et al., 2009; Venditti et al.,
2010; Humphries et al., 2012). These studies have identified
factors that contribute to variability in the rates and patterns
in channel response to a sediment pulse. The list of driving
factors includes characteristics of: (a) the channel, such as
channel gradient, width, depth, bank saturation vegetation,
exposed bedrock, and large wood and other roughness features
of the channel (Doyle et al., 2002; Madej, 2001; Simon et al.,
2000); (b) the stored and ambient bed sediment, including its
volume, grain size, consolidation, stratification, and cohesion
(Madej and Ozaki, 1996; Lisle et al., 2001; Pizzuto, 2002;
Doyle et al., 2002, 2003; Sawaske and Freyberg, 2012);
and (c) the flow regime following the sediment release, par-
ticularly the frequency, intensity, and timing of high flows
(Wohl and Cenderelli, 2000; Doyle et al., 2002; Hassan
and Zimmermann, 2012; Major et al., 2012; but also see
Sawaske and Freyberg, 2012).

While studies regarding sediment pulses have been
conducted under a range of hydrogeographic conditions
(Doyle et al., 2003; Kasai et al., 2004; Gran and Montgomery,
2005; Major et al., 2012), there remains a need to evaluate
the existing empirical knowledge and conceptual models for
sites outside the range of conditions for which current under-
standing was developed. Quantitative and mechanistic under-
standing of channel responses to sediment pulses will be
more complete with the inclusion of cases from areas of the
world with strongly seasonal hydrology, high discharge and
sediment yields, steep to moderate gradients, and event-driven
sediment delivery and transport. Furthermore, efforts are still
needed to better understand how local and basin-scale factors
contribute to the hydraulic conditions and sediment transport
regimes that govern rates and patterns in processing a sediment
pulse. Linking channel morphology and sediment transport
processes may clarify how governing factors vary within and
across basins and regions.

In this study, we document rates and styles of channel adjust-
ments following an abrupt and voluminous sediment pulse in a



0 1,200 2,400 3,600 4,800600
Meters

Shihmen Dam

Ronghua Dam

Barlin Dam

Hsiayun gage

Lengiao gageYufeng gage

Taipei

Near-dam reservoir 
(-75m, -995m, -1060m)

Far upstream reservoir 
(-2450m, -2700m)

Near-dam downstream 
(+75m, +995m)

Wide downstream 
(+1290m, +1380m)

Far downstream 
(+2730m and beyond)

Streamflow/sediment 
gauging station

Dam location
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system characterized by highly-variable sediment and hydrau-
lic conditions, we analyze site and valley characteristics and
to investigate factors governing the rates and character of
observed channel adjustments over time. Our analysis is
conducted on the Dahan River, Taiwan, along a reach
upstream and downstream of the Barlin Dam site, which
failed during Typhoon WeiPa in September 2007. For both
the reservoir and downstream channel, we ask: (a) across
periods of different sediment transport regimes, what are
the rates and spatial patterns of channel adjustment?; and
(b) over the study periods prior to and following dam
failure, what were the likely sediment transport regimes
generated by the basin-scale sediment and hydrologic
inputs? The study adds new, though imperfect, documenta-
tion of rapid channel response to a large pulse of sediment
released in a system of highly variable transport capacity
Copyright © 2013 John Wiley & Sons, Ltd.
and loads, with interpretation of the channel processes that
likely drove the observed responses.
Study Area

The Dahan River, a major tributary to the Tamsui River,
drains a geologically-active 1163 km2 basin in the northern
Central Range of Taiwan (Figure 1). The basin is character-
ized by steep hillslopes, exceeding 55% in over two-thirds
of the drainage basin, fractured bedrock, intense mon-
soonal precipitation, and frequent landsliding. Annual
hydrology in the basin undergoes a monsoon season
(May–June) and a typhoon season (July–October), with
consistently low baseflow occurring in the period between
(November–April).
Earth Surf. Process. Landforms, (2013)



MORPHOLOGICAL RESPONSES AND SEDIMENT PROCESSES FOLLOWING DAM FAILURE
Barlin Dam, constructed on the Dahan River in 1977, was a
38-m-high concrete gravity dam with rotary-arm gates. In com-
bination with Ronghua Dam 11.6 km downstream (Figure 1)
and over 100 smaller structures, Barlin Dam was constructed
with the primary purpose of retaining sediment. The suite of
dams are part of a basin-wide strategy to maintain the capacity
of a large water supply (municipal, industrial and irrigation),
hydropower, and flood management reservoir (Shihmen)
downstream (Figure 1).
Barlin Dam's initial storage capacity of 10.5 x 106m3 was

filled with sediment by 2003, 26 years after it was com-
pleted. A ‘defense dam,’ constructed immediately down-
stream of Barlin Dam for energy dissipation, was critically
damaged by undercutting (TWRA, 2007) during Typhoon
Aere in 2004 and failed completely in 2006 (Figure 2).
Incision then propagated upstream to the base of Barlin
Dam, which failed during Typhoon WeiPa in September
2007, a roughly 1-year return event with an estimated peak
discharge of 225m3/s (Figure 3).
The morphology of the channel around Barlin Dam is

structured by the basin hydrology and local valley configura-
tion. In our study section, the Dahan River drains a 765 km2

forested landscape. Half of the contributing area drains from
Sankuan Creek, which enters the east side of the reservoir
approximately 1500m upstream of the former dam site. The
river pattern is valley-forced meandering, with resistant
bedrock lining the valley walls. Unvegetated point bars,
established along the inside of meander bends, are inundated
in most years. Across the study reach, the channel gradient is
1% and sinuosity is 1.7. Prior to dam failure in 2006, the
active channel width varied between 55m and 315m across
the study section and the bed substrate was comprised of
non-cohesive coarse sand to very fine gravel. Despite the
forested nature of the catchment, in-channel wood was not
observed during site visits in 2009 and 2012 and does not
appear to be an important component of channel roughness
or structure.
October 2002

August 2006

Figure 2. Sequence of photographs looking upstream at Barlin Dam and its
in 2005. The defense dam, which was critically damaged during Typhoon Ae
Resources Agency, used with permission.)

Copyright © 2013 John Wiley & Sons, Ltd.
Although the volume of sediment stored behind Barlin Dam
was large, the Dahan River has a high capacity for transporting
the stored sediment. We estimate that the dam stored approxi-
mately 20 years of average annual sediment loads. This estimate
is based on amass ratio of stored sediment (17.8 x 106 tonnes) to
average annual transported total load (0.837 x 106 tonnes). The
mass of stored sediment is estimated by assuming a bulk density
of 1.7 tonnes/m3 and a reservoir full of sediment (10.5 x 106m3).
The total load transported annually is estimated based on com-
bining: (1) long-term (1957–2002) suspended sediment rating
curves (TWRA, 2006) at the Yufeng gauging station (Figure 1),
with (2) the observation that suspended load comprises approx-
imately 70% of the total load in Taiwan's rivers (Dadson et al.,
2003). We thus estimate the average suspended load and bed
load for the Yufeng station to be 0.583 x 106 tonnes per year
and 0.251 x 106 tonnes per year, respectively. These large
sediment loads are matched by monsoon- and typhoon-
driven high flows, which generate high sediment transport
capacities in some years. The long-term average annual
runoff volume for the Dahan River at the former dam site
is 64.8 x108 m3, though this discharge is delivered to the
channel in a few, intense runoff events. Thus, the erosional
efficiency, calculated as the ratio of volume of sediment
stored to volume of annual streamflow, is 0.0016 for the
study reach, a value that is high relative to other rivers
globally (Sawaske and Freyberg, 2012).

However, the transport capacity varies considerably along
the study reach with valley and channel configuration. We thus
have delineated sub-reaches (Figure 1) within the reservoir and
downstream channels based on variability in active channel
width (Figure 4(c)) and gradient (Table I). While sediment in
the reservoir extended approximately 4000m upstream of the
former dam, our reservoir study reach extends only 2700m
due to limits of the topographic surveys. The first three cross-
sections (–75m, –910m, –1060m) upstream of the dam,
henceforth referred to as the ‘near-dam reservoir’ reach,
are characterized by a relatively narrow valley width and
September 2005

November 2007

failure in 2007. Note the exposure and extent of the reservoir sediment
re in 2004, completely failed in 2006. (Photos courtesy of Taiwan Water

Earth Surf. Process. Landforms, (2013)
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generally single-thread channel (Figure 4(c)). For the cross-sections
,–2450m, –2700m, upstream of the near-dam reservoir reach
(henceforth referred to as ‘far-upstream reservoir’ reach), the
valley widens appreciably and the river transitions to a multi-
thread channel (Figure 4(c)). The entire downstream study
reach extends 6800m below Barlin Dam, to the reservoir
formed by Ronghua Dam (Figure 1). We subdivide the down-
stream channel into three reaches (Figure 1). The first two
cross-sections (+75m, +995m) downstream of the dam,
henceforth referred to as ‘near-dam downstream’ reach, are
located within a narrow, single-thread channel (Figure 4(c)).
Below this reach, over a length of approximately 1700m, the
valley widens within the ‘wide-downstream reach,’ repre-
sented by two wide (Figure 4(c)) cross-sections (+1290m and
+1380m). The third downstream reach, henceforth referred
to as ‘far downstream reach,’ extends approximately 4000m
beyond the wide-downstream reach in a narrow, single-thread
channel (Figure 4(c)).
Methods

We analyze topographic surveys, sediment samples, discharge
records, and aerial photos, all acquired from the TWRA as part
of their ambient monitoring program. Within this monitoring
program, the timing (Figure 3(b)) and extents of surveys varied
between years. As a result, more robust techniques for analysis
Copyright © 2013 John Wiley & Sons, Ltd.
of channel change (e.g. Wheaton et al., 2010) are not possible
with this dataset. To the extent possible, we provide estimates
of error (e.g. volumes of eroded/deposited material), and
attempt to acknowledge the limitations of the datasets and
approaches applied herein. Results and interpretations are
supported by field visits in 2009 and 2012 during which loca-
tions of exposed bedrock, terraces, and active landslides were
mapped along the study reach, and qualitative field interpreta-
tions of active geomorphic processes were made.
Topography

Topographic surveys were conducted prior to and following the
failure of Barlin Dam. The timing (Figure 3(b)) of topographic
surveys generally align with the start and end of the typhoon
season and are the basis for our definition of study periods
(Table II). The pre-failure survey, conducted in September
2007, included cross-sections surveyed at approximately
200m spacing. In subsequent surveys (Figure 3(b)), topography
was mapped with the intent of generating contour maps, with
emphasis on defining depositional features and the main
channel at baseflow. This contour-based approach resulted in
an irregular sampling scheme with typical point densities of 1
point per 290m2. The extents of the surveys also vary between
years. For example, the first survey following the dam failure,
conducted in December 2007, is the shortest in longitudinal
Earth Surf. Process. Landforms, (2013)
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MORPHOLOGICAL RESPONSES AND SEDIMENT PROCESSES FOLLOWING DAM FAILURE
extent, including only 5400m of the channel downstream from
the dam. Subsequent surveys extend farther downstream but
irregularly exclude portions of the channel.
All surveys were conducted by total station and only in

wadeable areas. Based on pre-failure aerial photos and field
visits in 2009 and 2012, this wadeable survey approach pre-
cluded surveying the thalweg in a few areas. However, based
on visual inspection of the survey points, the maximum gap
in survey points for the deepest parts of the channel appears
Table I. Channel gradient by reaches and study period. Cross-section locat

Study period
Far-upstream reservoir

(–2450m, –2700m)
Near-dam

reservoir –1060m) (+

September 2007 0.009 0.005
December 2007 0.010 0.012
December 2008 0.017 0.012
August 2009 0.017 0.010
December 2009 0.013 0.010

Copyright © 2013 John Wiley & Sons, Ltd.
to be consistently small (<2m) across the entire study area.
Unfortunately, the lack of thalweg elevation observations intro-
duces unknown error into the channel surveys and estimates of
volume changes.

Though the contour-based surveys conducted after dam
failure more evenly sampled the entire channel, because pre-
failure topographic surveys were based on cross-sections, we
performed our comparisons at the pre-failure cross-section
locations. We derived elevations for the post-failure surveys at
ions within each reach are in parentheses.

Near-dam
downstream
75m, +995m)

Wide-downstream
(+1290m, +1380m)

Far downstream
(+2730m and beyond)

0.016 0.014 0.009
0.015 0.011 0.011
0.015 0.011 0.010
0.017 0.011 0.009
0.017 0.012 0.010

Earth Surf. Process. Landforms, (2013)



Table II. Number of days above 1.5 return year Interval (RYI, 309m3/s)
during each study period.

Study period Number of days above 1.5RYI

September 2007–December 2007 3
December 2007–December 2008 6
December 2008–August 2009 0
August 2009–December 2009 2
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the locations of the pre-failure cross-sections from Digital
Elevation Models (DEMs) created in ArcMap 10. For each
DEM, we first generated a Triangulated Irregular Network
(TIN) and then linearly interpolated the TIN into a raster.
Cross-sectional were then extracted from each post-failure
DEM at the locations of the pre-failure cross-sections.
Longitudinal profiles were generated by selecting the
lowest point in each of the cross-sections as an estimate
of the thalweg elevation.
Reach-wide volumes of sediment eroded or deposited are

estimated by first calculating the change in cross-sectional area
between surveys. We also calculate the area between adjacent
points across a cross-section as trapezoids for the two surveyed
surfaces. We also calculate volume differences by multiplying
the difference in area for the entire cross-section by one half
of the distance to adjacent upstream and downstream cross-
sections. We calculate rates of change in area at each cross-
section as the area of change between survey periods divided
by the number of days between survey periods. To distinguish
uncertainty from physical change (Fuller et al., 2003; Milan
et al., 2007), we calculate a single elevational error for each
year based on the average of differences in elevations for repeat
points at survey monuments within that survey year. We
acknowledge that, without spatially explicit and complete
estimates of both random and systematic errors, our uniform
application of elevational error may result in conservative
estimates of change in areas of low variability and exaggeration
of the volumes of erosion and deposition in highly variable
areas (Wheaton et al., 2010).
Sediment samples

Bulk sediment samples of 1m3 volume were analyzed to
characterize longitudinal changes in grain size distributions
over time. Sediment samples were collected on exposed gravel
bars in the channel once pre-failure and twice post-failure
(Figure 3(c)). We note that sample locations and dates do not
overlap with surveyed cross-sections. Although the samples
were not conducted at the same locations over time, sediment
samples were consistently collected using the same procedure
over time and samples were always collected on exposed
gravel bars such that they are consistent with respect to the type
of geomorphic unit sampled. As a result of this sampling
program, we present the distribution of grain sizes from the
individual samples, but restrict our interpretation to the reach
scale. We include results from sediment samples collected
approximately 15 km upstream of the former dam site, hereafter
referred to as the ‘upstream reference’ reach, to provide basin-
wide context for changes in substrate within the study reach.
Box plots are used to characterize the grain size distribu-
tion over time. To investigate change in downstream grain
sizes relative to the reservoir, we normalize the down-
stream median (D50) grain sizes by the average reservoir
D50, each year.
Copyright © 2013 John Wiley & Sons, Ltd.
Hydrology and hydraulic conditions during annual
peak flows

Annual precipitation and peak discharge (Figure 3(a)) illus-
trate the long-term hydrologic trends. In addition, daily
discharge (Figure 3(b)) from the Yufeng gauging station
(Figure 1) demonstrate the sequence of flows for each study
period. After scaling the discharge from the Yufeng station to
the Barlin Dam site by catchment area (335 km2), we
estimate the number of days with discharge above the 1.5
return year interval (RYI) at the Barlin Dam site (Table II)
as a rough surrogate for channel-forming discharges
(Leopold et al., 1964; Williams, 1978). We acknowledge
that the 1.5RYI is an imprecise estimate of bed-mobilization
even in the systems for which it was evaluated (Williams,
1978). Furthermore, there is likely to be substantial variability
in the most effective discharge frequency for event-driven,
mountainous rivers (Hassan and Zimmermann, 2012), such as
the Dahan River of Taiwan. We thus emphasize that the
1.5RYI is investigated with the intent of distinguishing the
relative and general degree of transport potential between
the study periods.

An uncalibrated HEC-RAS (USACE, 2011, version 4.1) 1-D,
steady flow model is developed to estimate hydraulic condi-
tions for the peak discharge of the downstream reach between
each survey period. The goal of this modeling effort is to iden-
tify the likely sediment transport processes influencing channel
adjustments across the survey periods. The model is used to es-
timate depth, applied shear stress, Shields number, grain Reyn-
olds number, and grain submergence. These parameters are
then related to sediment transport modes and regimes as
reported in the literature (Dade and Friend, 1998; Church,
2006). The pre-failure hydraulic conditions are simulated using
the pre-failure geometry and pre-typhoon annual peak for the
2007 water year. Hydraulic characteristics for post-failure study
periods are simulated using the channel geometry and gradi-
ents surveyed at the end of the study period and the peak flow
that occurred over the study period that preceded the topo-
graphic survey.
Aerial photos

We analyze aerial photos of the study reach to characterize the
planform of the Dahan River during low-flow conditions prior
to (2006) and following dam failure (2007, 2008). All photos
are of the same scale (1/5000). Flows for the 27 October
2007 and 18 September 2008 photos were both low, 18m3/s
and 14m3/s, respectively, and representative of the baseflow
condition. Unfortunately, no local gages were operating at the
time of the 2006 photo. However, the timing of the photo (12
November 2006) after the typhoon season, as well as the photo
itself, indicate that discharge on the day of the photo also
represents the baseflow condition.

From the three aerial photos, we estimated active channel
widths and counted the number of channels observed to be
carrying baseflow. While the discharge between the photos is
roughly similar, we did not use digitized depositional features
to estimate changes in gravel areas or low-flow wetted width.
The unquantified exposure errors associated with varying dis-
charge constrain our ability to precisely compare feature
boundaries (Walter and Tullos, 2010) and we have no reliable
approach for estimating the exposure error. Thus, we present
the aerial photo analyses only to support qualitative interpreta-
tion of the processes driving channel response. Images from the
aerial photos are not presented in the interest of space.
Earth Surf. Process. Landforms, (2013)
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MORPHOLOGICAL RESPONSES AND SEDIMENT PROCESSES FOLLOWING DAM FAILURE
Results

Post-failure hydrology

Based exclusively on differences in hydrology across the study
periods (Table II, Figure 3(b)), flow records suggest that the most
rapid channel change was likely to occur within the first
15months post-failure. Three days of flows above the 1.5RYI
occurred in the 3months between the pre-failure and post-
failure surveys, including Typhoon WeiPa that resulted in the
dam failure. The following year experienced 6 days of high
discharge. Discharge was low during the subsequent two study
periods: no flows greater than 1.5RYI occurred between
December 2008 and August 2009, a period that included
spring monsoonal rains but not typhoons. Two days of dis-
charge greater than 1.5RYI occurred between August 2009
and December 2009.
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c) March 2009 (year 2 post-failure)

igure 5. Longitudinal variations in grain sizes (a) before failure (July
007), (b) 14months after failure (November 2008), and (c) 18months
fter failure (March 2009). Each box encompasses the middle 50% of
e sample (D25–D75). Whiskers represent D90 and D10 and the
50 is presented as transition between grey and black within the
oxes. On the secondary y-axis with diamond symbols, each down-
tream sediment sample D50 is normalized by the annual average of
e reservoir D50. Note the different ranges for the x-axis due to differ-
nces in sampling locations between years.
Grain size distribution across the study reach

Owing to inconsistency in the sampling locations longitudi-
nally between years, we interpret the patterns of substrate vari-
ability only at reach scale. Furthermore, because no samples
were collected in the first 1500m downstream of the dam site
prior to failure, we cannot evaluate changes in bed material
size in the near-dam downstream reach.
Prior to dam failure, the bed material was composed mainly

of sand and fine gravel (Figure 5(a)) across the entire study site.
Grain size did not vary substantially or systematically along the
length of the study area, including at the far (~ –15 km) up-
stream sediment reference sampling locations. The consistent
grain size across the study site is likely explained by the fact
that the dam had been passing bed load after it filled with sed-
iment in 2003.
By November 2008, the first sediment survey following dam

failure, the median and the spread of bed material grain sizes at
all locations increased by an order of magnitude (Figure 5(b))
relative to grain sizes observed in the pre-failure survey in July
2007. This increase in bed material size also occurred at the
upstream reference locations. These results indicate that a
basin-wide coarsening occurred in the year following Typhoon
WeiPa. By March 2009 (Figure 5(c)), the median substrate
coarsened further in the near-dam reservoir reach, as well as
at 4000m downstream. However, across the study site, the
spread of bed substrate distribution was lower in 2009 (Figure 5
(c)) than the year following dam failure (Figure 5(b)). These
basin-scale trends offer little evidence of impacts of the dam
failure on grain size distribution.
The median grain sizes relative to the reservoir substrate

sizes offer similarly little evidence of dam failure impacts. Prior
to dam failure, median grain sizes in downstream reaches were
locally coarser and locally finer than the reservoir D50 (Figure 5
(a)). Relative grain size increases with distance from the dam,
though the trend does not appear to be meaningful as the differ-
ences in absolute grain sizes are small. In November 2008, the
downstream substrate is finer that the reservoir substrate for all
sites (Figure 5(b)). Two years after failure, substrate was sam-
pled only in the far downstream reach (Figure 5(c)). The median
size of substrate in the far downstream reach is not consistently
higher or lower than the reservoir substrate (Figure 5(c)).
Taken together, results offer no conclusive evidence of an ef-

fect of dam failure on bed material grain size. It is likely that any
effect is obscured by the basin-wide coarsening prior to No-
vember 2008 and by limitations of the sediment sampling, in-
cluding inconsistent sediment sampling locations and the lack
of sediment samples in the near-dam reach.
Copyright © 2013 John Wiley & Sons, Ltd.
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Rates and patterns of reservoir erosion

Rapid responses of the reservoir to dam failure were restricted
to the near-dam reservoir reach. Within the first 3months
following failure, the thalweg (Figure 4(a)) in the near-dam
reservoir reach incised up to 18m. Rates of change in cross-
sectional area (Figure 4(b)) were also high for this reach in
the first 3months after dam failure. From September to
December 2007, 18m2 of material eroded per day from the
cross-section just upstream of the dam (–75m). Plots of the
cross-sections at –75m (Figure 6(a)) and –1060m (Figure 6
(b)) indicate that the erosion in the near-dam reservoir
occurred uniformly at a width approximately equivalent to
the valley width. Also in the 3months following failure, the
near-dam reservoir reach steepened from a gradient of 0.005
up to 0.012 (Table I). During this period, we see no substantial
evidence of channel response at the far-upstream reach
(Figures 4(a), (b) and 6(c)), except that the cross-section located
2450m upstream of the dam incised 1.8m in the 3months post-
failure, which we approximate as the most upstream evidence of
knickpoint migration during the first survey period. These
patterns of change in gradients, erosion rates, cross-sections,
and the longitudinal profile indicate that the knickpoint migrated
approximately 2450m upstream during the first 3months and
that the channel eroded the stored material primarily through
channel-spanning incision.
Earth Surf. Process. Landforms, (2013)



E
le

va
ti

on
 (

m
)

Distance across channel (m)

530 

540 

550 

560 

570 

0 100 200 300 400 500 

200712 
200812 
200908 
200912 

510 

530 

550 

570 

590 

0 50 100 150 200 250 

200712 
200812 
200908 
200912 

500 

505 

510 

515 

520 

0 20 40 60 80 100 120 

200712 
200812 
200908 
200912 

480 

485 

490 

495 

500 

0 50 100 150 200 250 300 

200712 
200812 
200908 
200912 

460 

465 

470 

475 

480 

0 20 40 60 80 100 120 

200712 
200812 
200908 
200912 

a) -75m upstream (near-dam reservoir)  d) +75m downstream (near-dam downstream) 

b) -1060m upstream (near-dam reservoir) e) +1290m downstream (wide-downstream) 

c) -2700m upstream (far-upstream reservoir) f) +2940m downstream (far-downstream)

500 

510 

520 

530 

540 

550 

0 50 100 150 200 

200712 
200812 
200908 
200912 

200709 

200709 

200709 
200709 

200709 

200709 
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In subsequent survey periods, the rate of channel incision
(Figure 4(a) and (b)) declined in the near-dam reservoir reach
and increased in the far-upstream reservoir reach. In contrast
to the first time period when there was no discernible change,
between December 2007 and December 2008, the highest
degree of incision (Figure 4(a)) and maximum rate of change
(Figure 4(b)) both occurred in the most upstream cross-section.
Channel gradient in this far-upstream reach also steepened
between December 2007 and December 2008 while the
near-reservoir gradient remained constant (Table I). Beyond
December 2008, the far-upstream reach continued to undergo
minor (<1m) incision (Figure 4(a) and (b)) while the elevation
of the near-dam reservoir reach remained constant. With one
exception (-1060m), rates of change in cross-sectional area
were nearly zero for all reservoir cross-sections by the final
survey in December 2009.
Cross-section plots illustrate how the rapid (Figure 6(a) and (b))

and delayed (Figure 6(c)) reservoir responses extended across the
channel. Erosion of the near-dam reservoir cross-sections was
mostly uniform across the width of the channel. Erosion in the
wider, far-upstream reach was not uniform (Figure 6(c)). By
December 2008, erosion occurred along both sides of a persistent
Copyright © 2013 John Wiley & Sons, Ltd.
but unvegetated mid-channel bar, resulting in a stable configura-
tion of two baseflow channels in the remaining surveys (Figure 4c).

Planform changes also occurred rapidly in the reservoir. For
example, the number of channels carrying baseflow at three lo-
cations (-75m, –2450m, –2700m) in the reservoir transitioned
from two or three channels to a single thread channel by
October 2007 (Figure 4(c)). No changes were observed
between the 2007 and 2008 aerial photos. However, as
discussed above, the plot of the cross-section located 2700m
upstream of the former dam site (Figure 7(c)) indicates that the
river transitioned back to two channels following the erosion
that occurred during the 2008 typhoon season, which is not
represented in the September 2008 aerial photo.
Rates and patterns of downstream deposition

The timeframes and type of responses were consistent across all
downstream reaches, though the degree of change varied by
reach. The majority of the channel rapidly aggraded after
dam failure (Figures 4(a), (b) and 6(d-f). By the following survey
inDecember 2008, the channel eroded up to 4mof the deposited
Earth Surf. Process. Landforms, (2013)
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MORPHOLOGICAL RESPONSES AND SEDIMENT PROCESSES FOLLOWING DAM FAILURE
material, primarily in the near-dam and wide downstream
reaches (Figures 4d and 6(d-e)). Subsequent surveys show little
additional change in the thalweg elevation. Only minor (<1m)
incision occurred over subsequent surveys periods (Figure 4(a))
and rates of change in cross-sectional area (Figure 4(b)) were
negligible after December 2008. The channel generally remained
at an aggraded elevation, with an average of 4m of deposited
material persisting on the bed in the December 2009 survey
relative to pre-failure elevations.
However, though the timeframes and types of responses

were similar across the downstream study reaches, the amount
of deposition varied longitudinally (Figure 4(a)), particularly
between the near-dam and wide-downstream reaches. Up to
10m of aggradation occurred in the wide-downstream reach
(Figures 4(a) and 6(e)), while a maximum of only 8.5m of depo-
sition occurred in the reach immediately below the dam
(Figures 4(a) and 6(d)). Of all the downstream cross-sections,
the rate of change in cross-sectional area (Figure 4(b)) was
greatest in the wide-downstream reach and primarily occurred
over the 3months following dam failure. Beyond the wide-
downstream reach, the degree of aggradation in the far
downstream reach appears to decrease with increasing
distance from the dam.
Copyright © 2013 John Wiley & Sons, Ltd.
Other patterns distinguish the responses across the near-dam
and wide-downstream study reaches. For example, the gradient
in the near-dam downstream reach remained essentially con-
stant across all study periods (Figure 4(a), Table I), reflecting
relatively uniform depths of aggradation and subsequent inci-
sion along the study reach. In contrast, the wide-downstream
reach (Figure 4(a), Table I) channel gradient decreased in the
3months following dam failure before it stabilized for the dura-
tion of the study. The number of channels carrying baseflow
over time also distinguishes the downstream reaches. Aerial
photos indicate that the number of channels at baseflow did
not change in the narrow near-dam reach during any of the
study periods (Figure 4(c)). The wide-downstream reach
appears to have transitioned from single thread channel in
November 2006 to multi-thread channels by October 2007.
By the time of the September 2008 aerial photo, the river in
the wide-downstream reach transitioned back to single-thread
channel 1290m downstream from the former dam site, and
from three to two channels 1380m downstream (Figure 4(c)).

In the far-downstream reach, evidence of channel responses
decreased with distance from the dam site. Up to 7m of
deposition occurred near the top of the study reach (+2940m)
and decreased with distance downstream (Figure 4(a)). The
Earth Surf. Process. Landforms, (2013)
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maximum rate of change in cross-sectional area occurred at the
first cross-section within this reach and, like depth of deposi-
tion, decreased with distance downstream (Figure 4(b)). Very
little variation in the channel gradient was observed across
the study periods for the far-downstream reach (Table II).
The number of channels at baseflow increased at three cross-
sections in the month after failure, then returned to a single-
thread channel by September 2008, with no clear relation to
distance from the dam site (Figure 4(c)).
Net volumes of reservoir erosion and downstream
deposition across study periods

Cumulative changes in the sediment balance (Figure 7) further
illustrate patterns of deposition and erosion. Across all study
periods, the magnitude of downstream deposition following
dam failure is small relative to the volume eroded from the res-
ervoir (Figure 7). Between September 2007 and December 2007,
4.5x106m3more sediment eroded from the reservoir than depos-
ited downstream. The discrepancy between reservoir erosion and
downstream deposition is greatest (6.3 x106 m3) during the sec-
ond study period (Figure 7(b)), when there were the most days
of high flows that eroded additional material from the reservoir
and transportedmaterial through the downstream reach. The ero-
sion-deposition discrepancy then declines to 2.8 x 106m3 in the
third study period (Figure 7(c)), a period of no high flows, primar-
ily due to deposition within the former reservoir (Figure 6(a-c)).
By December 2009, there was 4.8 x 106m3 more cumulative
erosion detected that deposition (Figure 7(d)), similar to the value
estimated threemonths after failure. These patterns in the
sediment balance suggest that much of the sediment eroded
from the reservoir was transported beyond the downstream
study reach, particularly during Typhoon WeiPa and the high
flows in the 15months that followed.
Reservoir erosion moved from the near-dam reservoir reach

to the far-upstream reservoir reach after the first 3months
following dam failure (Figure 7(a)), and changes in the volumes
of erosion varied with time and hydrologic conditions. Net
erosion occurred primarily in the near-dam reservoir reach over
the first 3months following dam failure (Figure 7(a)), with
approximately 2.4 x 106m3 of material evacuated within the
first 1060m upstream of the dam. With six days of high flows
(Figure 3(b), Table II) occurring between December 2007 and
December 2008, erosion extended into the far-upstream
reservoir reach, primarily up to the cross-section at –2450m
(Figure 4(a)). By December 2008, additional material was
eroded from the near-dam reservoir reach, resulting in net
erosion of 5.4 x 106m3 for the entire reservoir (Figure 7(b)).
However, by August 2009, the net loss of material from the en-
tire reservoir reach (Figure 7(c)) was reduced to 3.5 x 106m3.
The reduction in eroded volume is associated with approxi-
mately 1.8 x 106m3 of distributed aggradation that occurred
between December 2008 and August 2009, primarily along
the margins of the cross-sections in the near-dam reservoir
reach (Figure 6(a) and (b)). The typhoon season of 2009, which
included two days of high flows (Figure 3(b), Table II), resulted
in 4.6 x 106m3 net erosion of reservoir sediment by the end of
the study period (Figure 7(d)), a value that represents approxi-
mately 44% of the reservoir's original storage capacity.
The volume of deposition downstream of the dam also varies

by study period, generally reflecting an initial period of deposi-
tion followed by erosion of the deposited material. In the near-
dam downstream reach, 6.8 x 105m3 of sediment deposited
within 3months of failure (Figure 7(a)). This material was subse-
quently eroded (Figure 7(b)) in the following year, which
Copyright © 2013 John Wiley & Sons, Ltd.
experienced six days of high flow (Figure 3(b), Table II). The
site-wide deposition that occurred during the period of slack
flows between December 2008 and August 2009 is most evi-
dent in the near-dam downstream reach (Figures 6(d) and 7
(c)) where 1.5 x 105m3 of material deposited. Approximately
0.3 x 105m3 of the material deposited in the near-dam down-
stream reach by August 2009 was subsequently eroded by
December 2009 (Figure 7(d)).

Temporal patterns of deposited sediment volumes were sim-
ilar in the wide-downstream reach, with sediment first deposit-
ing within 3months then subsequently eroding in the following
year. Approximately 1.1 x 106m3 of sediment deposited along
the wide-downstream reach in the 3months following dam fail-
ure (Figure 7(a)). Over half of that deposited material eroded
from this reach (Figure 7(b)) by December 2008. The channel
subsequently eroded an additional 1.8 x 105m3 by August
2009 (Figure 7(c)) during the period of slack flows, and then
deposited that same volume by December 2009 (Figure 7(d)).

Except locally (+2730m, +2940m, +3610m), the far-
downstream reach shows little systematic evidence of a passing
sediment pulse (Figure 7). Across the study periods, both deposi-
tion (e.g. +5915m, + 9728m) and erosion (e.g. +4705m,
+7535m) occurred locally. However, the deposited volumes
are small relative to deposition in the near-dam and wide-
downstream reaches in the first post-failure period.
Hydraulic conditions and sediment transport
regimes across study periods

Hydraulic conditions in the downstream reaches, estimated for
the peak discharge between study periods, varied substantially,
as illustrated by variability in the Shields number, relative
submergence of particles (D/d), and grain Reynolds numbers
(Table III). The variability in these parameters is associated with
differences in the peak flow and size of sediment delivered be-
tween surveys, and offers insight regarding variability in domi-
nant sediment processes over time. For example, the Shields
number is greater than one in the pre-failure channel (Table III),
indicating that the median-sized sediment was mobilized by
flows that occurred prior to failure. The high Shields number
also suggests that the pre-failure sediment transport processes
should be consistent with those observed in labile channels
(Dade and Friend, 1998). Generally, the Dahan River does
not fit the characteristics of labile channels. Width–depth ratios
are mostly greater than 40 (Table III). There are no vegetated
islands. The gradient is moderate (s = 0.01). Bed load comprises
~30% of the total load (Dadson et al., 2003). However, consis-
tent with the behavior of labile channels, rates of channel area
change following the Barlin Dam failure are rapid relative to
other rivers in which a sediment pulse was introduced. For ex-
ample, the knickpoint migrated approximately 2450m up-
stream of the Barlin Dam site within the 3months (Figure 4
(a)). In comparison, it took 7months for the knickpoint to
migrate 2000m up the Sandy River following the removal ofMar-
mot Dam (Major et al., 2012). Furthermore, consistent with labile
channels, while the substrate is generally gravel-dominated, sand
can dominate the substrate of the Dahan River in some years.
Thus, both the Shields number and rates of change suggest that
sediment processes (e.g. rapid morphological changes, frequent
entrainment of sediment, full bed mobility) associated with labile
channels may have occurred in the Dahan River prior to dam
failure, even though the river generally does not fit many of the
labile channel characteristics.

In subsequent study periods, the Dahan River exhibited char-
acteristics of threshold and transitional channels. For example,
Earth Surf. Process. Landforms, (2013)



Table III. Simulated hydraulic and sediment transport characteristics of representative downstream cross-sections at peak flow between survey
periods. Parameters are based on results of 1-D HEC-RAS modeling. D= reach averaged D50; d=water depth; τ=applied shear stress; τcr = critical
shear stress to mobilize the D50; W=active channel width; DS=downstream. Differences in channel gradients between Table II and Table III are
due to averaging across multiple cross-sections in Table II. Gradients reported in Table III for individual cross-sections were calculated as the
change in elevation between locations that are half of the distance to adjacent cross-sections

200709 (Modeled discharge=92 cms)
Study reach Location d (m) Gradient (m/m) τ/τcr (Nm�2/Nm�2) Shields number D/d (m/m) W/d (m/m) Grain Reynolds no.
near-dam DS + 75 0.8 0.016 5.0 2.5 0.007 113.9 7.70E+03
wide-DS + 1380 1.2 0.010 3.6 2.4 0.004 214.3 6.90E+03
far DS + 2940 0.8 0.010 5.2 1.6 0.006 124.7 7.90E+03

200712 (Modeled discharge=543 cms)
Study reach Location d (m) Gradient (m/m) τ/τcr (Nm�2/Nm�2) Shields number D/d (m/m) W/d (m/m) Grain Reynolds no.
near-dam DS + 75 1.7 0.015 8.7 0.5 0.029 50.1 1.20E+05
wide-DS + 1380 1.1 0.012 6.4 0.3 0.045 225.8 9.30E+04
far-DS + 2940 1.6 0.009 8.3 0.3 0.031 62.3 1.10E+05

200812 (Modeled discharge=1716 cms)
Study reach Location d (m) Gradient (m/m) τ/τcr (Nm�2/Nm�2) Shields number D/d (m/m) W/d (m/m) Grain Reynolds no.
near-dam DS + 75 2.9 0.015 12.5 0.8 0.017 29.6 1.50E+05
wide-DS + 1380 2.7 0.011 11.0 0.6 0.020 101.6 1.40E+05
far-DS + 2940 3.5 0.008 14.0 0.6 0.014 29.1 1.60E+05

200908 (Modeled discharge=27 cms)
Study reach Location d (m) Gradient (m/m) τ/τcr (Nm�2/Nm�2) Shields number D/d (m/m) W/d (m/m) Grain Reynolds no.
near-dam DS + 75 0.4 0.017 3.1 0.1 0.143 247.4 5.30E+04
wide-DS + 1380 0.7 0.010 2.0 0.2 0.068 346.4 4.80E+04
far-DS + 2940 0.3 0.007 3.0 0.1 0.147 297.1 5.20E+04

200912 (Modeled discharge=442 cms)
Study reach Location d (m) Gradient (m/m) τ/τcr (Nm�2/Nm�2) Shields number D/d (m/m) W/d (m/m) Grain Reynolds no.
near-dam DS + 75 1.4 0.017 7.5 0.5 0.004 61.4 1.00E+05
wide-DS + 1380 1.9 0.010 7.0 0.4 0.003 131 1.10E+05
far-DS + 2940 1.4 0.007 7.4 0.2 0.004 74.3 1.00E+05

MORPHOLOGICAL RESPONSES AND SEDIMENT PROCESSES FOLLOWING DAM FAILURE
in the study periods that followed the typhoon seasons
(December 2007, December 2008, December 2009), high flow
conditions associated with typhoons resulted in Shields
numbers within the range of transitional channels. Between
December 2008 and August 2009, flows never reached the
1.5RYI (Table II, Figure 3(c)), and bed material remained
coarser than pre-failure substrates. As a result, Shields numbers
dropped below 0.15 (Table III), suggesting conditions associ-
ated with threshold channels. Alternately, higher flows resulted
in higher Shields numbers in the range 0.3 to 0.8 for September
2007 to December 2008, conditions more representative of
transitional transport regimes.
This emergence of threshold and transitional channels sug-

gests that different sediment transport processes dominated
across the study periods. For example, transport in threshold
channels is typically bed load dominated whereas transitional
channels carry mixed loads, with a large proportion moving
in suspension. Rates of morphological changes in average
water years are typically higher in transitional than in threshold
channels. Bed mobility in threshold channels is characterized
by partial and size-selective transport, with full mobility only
in exceptionally large events, whereas full mobility occurs
more frequently in transitional channels. Deposition generates
low, alternating bars in threshold channels, while deposition
in transitional channels can result in general aggradation of
the bed, generating lateral instability and scour (Church,
2006). These differences in sediment transport processes that
likely occurred in the Dahan River across the study periods,
driven by basin-scale sediment and water delivery to the study
site, may be related to the observed rates of change in channel
gradient (Figure 4(a)), cross-section area (Figures 4(b) and 6),
and volumes of scour and deposition (Figure 7).
The pattern of varying sediment transport processes across

study periods is further demonstrated by comparing hydraulic
parameters (Table III), estimated for observed peak flows, to
Copyright © 2013 John Wiley & Sons, Ltd.
established relations between grain Reynolds number and
Shields number (Figure 8(a)), and between relative roughness
(D/d) and channel gradient (Figure 8(b)). The pre-failure chan-
nel plots in the region of mixed-load transport region of the
Shields diagram (Figure 8(a)) and in the region of suspended-
load transport on the gradient-roughness relation (Figure 8(b)).
These results support the finding that sediment processes asso-
ciated with labile channels, including suspension-dominated
transport, likely prevailed prior to dam failure. In contrast,
hydraulic and sediment conditions for all 12 of the post-failure
cross-sections plot within the mixed load region of both
relations (Figure 6). With mixed load dominating sediment
transport, the threshold and transitional channel is expected
to be more stable than the labile channel, experiencing lower
transport rates and only partial transport of bed material. These
results highlight how the peak flows and size of sediment
supplied to the channel relate to sediment processes across
the site. The hydraulic and sediment conditions likely intensi-
fied the rapid rate of channel change immediately following
failure and contributed to the decrease in rates of change for
subsequent survey periods.
Discussion

Channel morphology

Patterns of reservoir erosion generally varied with distance from
the dam, valley width, and temporal variability in basin-scale
hydrology and sediment inputs across the study periods. The
role of distance from the dam and valley width in regulating
channel response is evident in the timing of reservoir erosion.
For example, the reservoir underwent rapid knickpoint migra-
tion in the narrow, near-dam reservoir reach, while incision
was delayed up to 15months in a wider reach farther upstream.
Earth Surf. Process. Landforms, (2013)
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The importance of exogenous variability in the hydrologic and
sediment regimes is illustrated by the orders of magnitude
coarsening in bed material that occurred study-wide by No-
vember 2008 (Figure 5) and by the deposition in the reservoir
during the December 2008 to August 2009 period of slack
flows (Figure 7).
No evidence of channel widening was observed in the

reservoir cross-sections (Figure 6) or aerial photos. Instead,
the channel gradient rapidly adjusted then stabilized, within
3–15months depending on the reach (Figure 4(a), Table I).
This result does not document the common erosional
sequence of incision followed by widening (Doyle et al.,
2003; Cantelli et al., 2007). The lack of observed widening
is likely associated with the resistant bedrock lining the
valley walls (Figure 4(a)) and a lack of substantial floodplain
in this section of the Dahan River that would limit extensive
lateral adjustments. However, it is also possible that the
channel incised and then widened nearly simultaneously,
as has been observed elsewhere (Major et al., 2012)
over the 3months between the dam failure and the first
post-failure survey.
Copyright © 2013 John Wiley & Sons, Ltd.
In the downstream reaches, patterns of deposition also varied
with distance from the dam, valley width, and study period.
Channel-wide aggradation (Figures 4, 6 and 7) occurred
primarily in the 3600m below the former dam site. Depths
(Figure 4(a)) and volumes (Figure 7) of deposited sediment
and rates of change in cross-sectional areas (Figure 4(b)) gener-
ally decreased with distance from the dam. However, illustrat-
ing the effect of valley configuration, rates and magnitudes of
change were highest in the wide-downstream reach, a result
of the higher transport capacity in the near-dam downstream
reach. Finally, the role of exogenous hydrology and sediment
regimes are evident from the observation of additional
deposition in the August 2009 study period (Figures 6(d) and
7), after it appears the sediment pulse had passed through the
downstream reach. The evidence of the passing sediment pulse
is based on the sediment budget. The greatest volume (Figure 7
(a)) and depths (Figures 4(a) and 6) of aggradation primarily
occurred in the 3months after the dam failure. In the following
12months, over half of the deposited material was eroded
(Figure 7(b)). It is after this sequence of deposition and erosion
that additional deposition was observed during the slack flows
(Table II, Figure 3(c)) of September 2009. This deposition,
which occurred across the entire study reach illustrates of the
control basin-scale hydrology exerts on channel response to a
sediment pulse.
Sediment processes and channel responses

On the Dahan River, the variability in sediment and water de-
livered to the channel across the study periods appear to influ-
ence the sediment processes and channel morphology.
However, valley configuration also appears to plays a domi-
nant role in driving channel morphology, possibly obscuring
the effect of varying sediment transport regimes. As predicted
by common channel morphology classifications (Schumm,
1963; Church, 2006), our results indicate that the dominant
sediment transport processes varies with the discharge and
the quantity and size of sediment delivered to the channel
across the study periods. These basin-scale transport processes
appear to exert a strong control on the locally-observed rates
and types of channel adjustments following the failure of Barlin
Dam. For example, the pre-failure substrate across the study
area, including sediment reference sites far upstream of the
reservoir, was predominantly sand, whereas the substrate
post-failure was dominated by gravel and cobble. It is likely
that the finer grain size distribution observed at all of the sites
before dam failure is due to the burying of the coarser substrate
with landslide material. In 2004, Taiwan experienced one of its
largest typhoons (Aere) in history. This typhoon triggered a large
number of landslides throughout the Dahan River basin
(TWRA, 2009; Ho et al., 2012) in 2005 and 2006, which
contributed fine material to the river (Wang, 2012). This
accumulation of fine material primed the channel for rapid
channel change when the dam failed. At least initially,
sediment transport processes were most likely those associated
with labile channels, with a fully mobile bed, unstable
planform, and suspension-dominated transport. Consistent with
labile channel morphologies, rates of channel change were
rapid, and some evidence of braiding was observed in aerial
photos at the widest locations of the downstream reach imme-
diately following dam failure.

Between December 2008 and August 2009, deposition
occurred in both the reservoir and downstream reaches. The
shallower depths associated with this deposition, in combina-
tion with slack flows over this study period and the coarsening
that had occurred in the previous year, contribute to river
Earth Surf. Process. Landforms, (2013)
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behavior more consistent with a threshold channel. During this
period, sediment would have been transported bed load, with
partial to full mobility, though it does not appear that
adequate floods occurred to mobilize the sediment. Instead,
deposition occurred across the entire study reach. This result
highlights how the dominance of sediment transport processes
was likely governed more by basin-wide sediment and
discharge regimes than by changes in gradient associated with
the dam failure over this study period.
It is also clear that major features of the channel morphology

at this site are likely governed as much by the valley-forced
meandering and resistant valley wall material as they are by
the dominant sediment transport regime. For example, as the
reservoir incised and the downstream channel aggraded,
locations of bars and channel widths remained roughly the
same, controlled by valley meandering. This valley-control on
channel responses likely explains why some of the common
associations between the sediment transport regimes and mor-
phological features, including planform, bedform, geometry,
and lateral instability, are not widely observed in our results.
However, we also note that the survey data are not adequate
for distinguishing threshold and transitional channels on the
basis of bed structure, or for documenting the presence or
movement of sandy bedforms common in labile channels.
Conclusions

In alluvial rivers, channel morphology is defined by the size
and quantity of sediment delivered to it (Church, 2006), and
channels generally adjust their pattern, geometry, slope, and
roughness in response to changes in sediment supply (Madej,
2001). However, the rates and types of channel adjustments
vary along a river basin with hydrologic, topographic, and sed-
iment characteristics of the landscape and within an individual
river reach based on local variability in transport capacity (Lisle
et al., 2000). Field studies can be important for identifying the
timescales and likely range of channel responses when they
lead to results that can link sediment transport processes and
channel morphology (Nanson and Knighton, 1996).
In this paper, we report results on a field-based study of the

rates and types of channel adjustments, and the likely sediment
transport conditions, that occurred following the failure of
Barlin Dam. This study was conducted in an area of the world
with strongly seasonal hydrology, high discharge and sediment
yields, moderate to steep gradients, and event-driven (e.g.
typhoons, earthquakes, landslides) sediment delivery and
transport (Milliman and Kao, 2005). The study reach is a
moderate gradient, fourth-order river, where bar topography
develops under local flow convergence and divergence forced
by valley meandering (Lisle, 1986; Montgomery and
Buffington, 1997).
Our results indicate that rates of channel change appear to

be driven as much by basin-wide hydrologic and sediment
conditions and valley configuration as by distance from the
dam, as has been observed (Kasai et al., 2004) in other areas
subject to remarkably high flows and sediment loads. Channel
response to the failure of Barlin Dam was rapid and generally
decreased with time and distance from the dam. However,
channel adjustments varied substantially across the study
periods with variability in sediment and discharge regimes
and across the study reaches with variability in channel width
and gradient. The dominant mode of sediment transport
appears to vary within and between years, with labile channel
conditions contributing to more rapid channel change than
threshold and transitional channels. Differences in valley width
that define local variation in transport capacity also result in
Copyright © 2013 John Wiley & Sons, Ltd.
variation in the magnitudes and timing of erosion and
deposition. Broadly, the identification of dominant sediment
transport regime in the Dahan River offers basin-scale insight
regarding the rates and nature of morphological adjustments
associated with sediment pulses. The results illustrate how
information regarding valley configuration, seasonal variability
in discharge, and the amount and caliber of episodic inputs of
sediment are all needed to explain where, when, and why
sediment pulses are stored and mobilized.
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