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Introduction
Sediment discharge rates from low-order stream channels are not constant.  Water transports some material at regular discharge rates, while a large percentage becomes trapped in the channel.  This stored material is then released in mass during infrequent debris flows events.  Characterizing how much sediment accumulates in a channel over time is key to understanding debris flow cycles and their impacts on surrounding landscapes and biotic systems.  

Debris flow impacts depend on flow frequency and on material volume because both parameters influence geologic and biologic changes in the channel and at the deposition sites.  Many studies have examined factors affecting debris flow frequency, including landscape characteristics as bedrock type and channel slope, as well as hillslope weakness due to land management (Snyder 2000, Swanson and Dyrness 1975, Sidel et al. 1985).  Few studies have researched the rate at which channels refill with material and factors influencing that rate.  Wood volume is expected to significantly influence sediment accumulation in low-order streams by acting as an obstruction where other storage mechanisms are lacking (Keller and Swanson 1978; May and Gresswell 2003). 
This study begins to quantify fill rates in 1st and 2nd order stream channels that have experienced debris flows in and near the HJ Andrews Experimental Forest in the Western Cascades, Oregon.  Specific objectives of the study are to:
1) Determine rates of wood and sediment accumulation in debris flow-scoured low-order stream channels, and
2) Identify primary factors influencing accumulation rates, quantitatively and qualitatively. 

In addition, for comparison purposes, study methods were designed for consistency with a similar study in the Oregon Coast Range (May and Gresswell 2003). 
Study Area
The study was conducted in the lower elevations of the HJ Andrews Experimental Forest and at two additional sites within two miles of the Forest boundary.  The sites were 1st or 2nd order headwater streams as defined by the HJ Andrews Interactive Map and corrected for observed tributaries in the field.  Surveys were made in scour zones, meaning that the last debris flow scoured the channel down to bedrock in that reach of the channel.  
The geology of the study area is lava flow and clastic volcanic bedrock (Swanson and Fredriksen 1982).  The overstory is primarily Douglas-fir (Pseudotsuga menziesii), western hemlock (Tsuga heterophylla), and other coniferous and a few deciduous species such as red alder (Alnus rubra) that often recolonize the scoured channels. 

The stream channels in this region experience debris flows with increased frequency relative to higher elevations (Swanson and Dyrness 1975).  The dates of their last debris flows have been documented by direct observation or historical notes and aerial photographs (Snyder 2000).  This study included channels with the latest debris flows occurring in 1996 or 1964, two years accounting for more than 75% of all debris flows in the forest over the last 60 years (Snyder 2000).  The abundance of debris flows in these years provided ample channels to study.  In addition to those scoured by 1996 and 1964 flows, two channels were included that have not experienced a debris flow during the record of the last century.  The time since the last debris flow at these sites was approximated to 250 years.
  These three different ages of 11, 43, and 250 years since the channels' last flushing events allow the study sites to represent different points in time along a channel's recovery process.  
The majority of the channels surveyed (7 of 9) were in unmanaged forested areas.  These forested regions were prioritized because their characteristics would indicate the background rate of accumulation in a natural environment.  Two channels surrounded by plantations were also surveyed.  These areas were clear cut, burned, and replanted in the 1950's.  One such channel's most recent debris flow was in 1964 and the other's was in 1996.  Plantations and natural forests may yield different channel refill rates because of varying amounts of wood input.  This study focused on channel recovery in natural forests but could be expanded with more plantation sites to compare rates in different management environments. 

Methods
The study used a space-for-time representation of wood and sediment accumulation in stream channels after debris flows.  Volumes of wood and sediment were measured by methods specified below to quantify the increase in material over a known number of years. 
Multiple channels with the same date of last debris flow were chosen to account for variations among channels of the same age <<I agree with Steve that it would be good to have a Fig. 1 map here or somewhere in the report.  Some sites have well known names, but others have names known only to us (WS11, Gate, Section 7), so we need to show their locations so others can return in the future.>>.  Three channels from 1996, two from 1964, and two from older flows, all of which exist in natural forest areas were selected from records of debris flow history in the HJ Andrews Forest.  In addition, two plantation sites, one from a 1996 debris flow and one from a 1964 flow were surveyed.
Once channels were selected, identification of scour zones was made based on channel gradient and exposed bedrock.  The bottom of each survey zone was chosen as a location where gradient exceeded 15% or where long exposures of bedrock were observed.  In some cases, deposits from the last debris flow remained at intermittent parts of the scour zone.  The zones were also located out of range of road influence (at least 75m from the road).  

Each survey was conducted in 10m sections of channel length in order to observe local variation in the channel reaches.  A sum of 10 to 15 consecutive sections was measured, totaling between 100m and 150m, in order to average out local variations and capture channel trends.  A minimum of 10 sections were surveyed.  In some cases, high variability along the channel called for extending the survey to improve the sample's representative validity.

The following items were measured and recorded in each 10m section of channel.

· Channel width: taken as the distance from one side bank to the other at a height of about 5m.

· Streambed width: the relatively flat region over which water flowed.

· Channel slope: measured with an Impulse laser.
· Wood in the channel at least 0.2m in diameter and 2m in length: average diameter and average length in the channel were measured to calculate volume as a cylinder; in cases where wood was not cylindrical, a cross-sectional area was measured instead of diameter; wood entirely suspended more than 2m above the channel was not counted.

· Sediment accumulations at least 0.5m in length and width and at least 0.1m deep: average length, width, and depth were measured, and volume was calculated as a rectangular solid.  When sediment formed terraces with a relatively flat surface but sloping bedrock base, volume of the wedge shape was calculated using the average depth assuming constant bedrock slope.  Sediment refers to regolith transported by the stream.  It excludes organic material from the sideslopes and boulders larger than 1m across. Sidelsope input or hillslope volume remaining in the channel was approximated separately. Where sediment mixed evenly with organic sideslope material in accumulations, volumes were approximated to be half sediment, half hillslope.  Each sediment accumulation was also characterized by the size of its pebbles as observed on the surface.  Lastly, the object(s) or feature(s) blocking each sediment accumulation were identified. 

· Other notes: the percent of streambed covered by large wood (>0.2m diameter and >2m length), small wood (wood less than measurable threshold size), sediment, exposed bedrock, and other material was approximated.  Finally, observations were noted that helped characterize the channel environment, including size of the largest trees in the channel, evidence of sideslope failures after the last debris flow, and descriptions of the sideslope makeup. 

Results
As expected, volumes of both wood and sediment are lowest in the channels that were most recently scoured (1996) and highest in channels with the longest time since a debris flow (before 1964).  Because older scour zones exhibit more of both wood and sediment than newer ones, there is an observable correlation between the volume of sediment in a channel and the volume of wood in the channel (See Figure 1).  While the sample number is too small to allow credible statistical analysis, there does appear to be a non-linear relationship between wood and sediment volume: doubling wood volume corresponds to more than a doubling of sediment volume. 
Figure 1. 
[image: image22.emf]
The rate of wood and sediment accumulation in the study area can be calculated by relating the amount of wood and sediment to the time since the channel was scoured.  Figures 2 and 3 display these two relationships. The amount of material found in 1996-scoured channels represents the accumulation over the first 11 years of recovery.  The average wood from the three such sampled channels was 0.46m3/m.  The average sediment volume was 0.22m3/m.  The average amount of wood found in 1964-scoured channels, representing the accumulation during the first 43 years of recovery, was 1.7m3/m.  Sediment volume from these channels averaged 0.92m3/m. 

Figure 2. 





Figure 3.
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Sediment obstructions were divided into 8 categories, and the total volume of sediment stored by each type are displayed in Figure 4.  The same data are shown as percentages in Figure 5.  Large wood alone accounted for 45% of all sediment storage.  In conjunction with small wood and boulders, large wood played an obstruction role for 87% of the total sediment volume.  Boulders alone blocked 9% of the sediment, while small wood alone, hillslump
/bank, and a shallow channel slope (no obstruction) each blocked less than 2% of sediment. 

Figure 4.
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Figure 5.
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Small wood and boulders commonly rested on gentle-slope reaches of bedrock along the channel.  The slope of the bedrock streambed varied considerably between 10m sections of most channels.  Slope changes from one section to the next varied by an average of 6 percentage gradients
.  Dramatic slope changes were also apparent within sections, usually in the form of a 2-5m bedrock cliff waterfall followed by a flat scour pool.  Small wood, boulders, hillslump, and no obstructions were more common sediment storage mechanisms in gentler sections than on steeper stretches.  The two examples of remnant debris flow deposits in the otherwise scoured channel reaches rested on gentle bedrock sections.  Large wood that entered the channel since the last debris flow, by contrast, exhibited no significant preference for gentle or steep channel slopes. 
While channel slope alone plays a negligible direct role 
in sediment storage, it was related to total sediment volume in the 1964 and 1996 channels.  Channel reaches with higher average slopes exhibited lower sediment volumes (See Figure 6).  

Figure 6. 
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The above graph also shows the influence of time since debris flow on sediment volume, as the trend line of 1964 channels lies consistently above the 1996 trend line. <<how about sketching in the trend line to make the point visually clearer?  It is a nice pattern.>> The 250 year-old channel sites 
were left off this graph because they do not show any relationship between channel slope and sediment volume, but emphasize only the observation that sediment increases with time.
In the younger channel sites, the interacting influence of channel slope and large wood on sediment accumulation can be observed by profiling the channels by 10m sections.  Figure 7 shows measurements of sediment volume, wood volume, and channel slope in each section of channel WS 2-3, which was scoured in 1996.  Section 1 is downstream, and section 10 is at the top of the study reach.  By following the green and blue lines from right to left, one observes that an increase in slope corresponds to or is closely followed by a decrease in sediment volume; likewise, decreases in slope correspond to increases in sediment.  Spikes in wood volume have some effect on sediment volume as well.  The 1964 channels also displayed a link between slope and sediment volume.  One example is profiled in Figure 8 with channel WS 1-2.  In these channels, increases in wood correspond strongly to increases in sediment.  Shallow slope and corresponding small wood, boulders, and hillslope accounted for only 10-15% of sediment storage in 1964 or older channels, while the same features blocked 45% of sediment in 1996 channels.
Figure 7.
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Figure 8.
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Discussion
The results of this study provide preliminary estimates of sediment and wood accumulation rates in low-order channels of unmanaged regions in HJ Andrews Forest.  The reliability of fitting a trend line to the data points is limited because only three time intervals were sampled, and the duration of the longest one is not known.  Nevertheless, the average accumulation volumes in the first 11 and first 43 years indicate initial accumulation patterns in the study area, and these values can be compared to accumulation rates calculated in other geographic regions. 
May and Gresswell's (2003) study of wood and sediment accumulation rates in headwater streams of the Oregon Coast Range provides one basis of comparison.  The two figures below compare the trends in wood accumulation between these two studies.  Figure 9 is the same as Figure 2 above, and Figure 10 is from May and Gresswell (2003).  
Debris flow channels in the HJ Andrews Forest exhibited higher initial rates of wood accumulation than did the channels in the Coast Range.  In the HJ Andrews Forest, low-order channels in the study area accumulate an average 0.46m3/m of wood in the first 11 years and 1.7m3/m in the first 43 years.  By contrast, the equation that May and Gresswell derived to describe wood accumulation based on their measurements (see Figure 10) indicate accumulation volumes of 0.16m3/m in the first 11 years and 0.25m3/m in the first 43 years.  These differences in wood volumes between the two study areas could be due to older forests and thus larger trees inputting wood to the HJ Andrews streams compared to Coast Range channels.  <<This is interesting!  The rate in Andrews looks rather steady over time (one might expect more input early in this period because of initial destabilization of channel margins by the debris flow and then the easily moved material falls in and channel margins get vegetated, so the rate might slow down).  Your numbers don’t show that, but the Coast Range numbers appear to.  Need more data.>>  <<just got your message about these Andrews numbers being too high by ca. 4X – evens things up between the two areas>>

Figure 9.  Wood accumulation 

Figure 10. Wood accumulation 
(HJ Andrews)         



(Coast Range)
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Figures 9 and 10 also suggest different shapes to the wood accumulation trends between the HJ Andrews Forest and the Coast Range.  Measurements from the HJ Andrews study indicate a faster accumulation rate during the first 50 years than during the next 200 years.  By contrast, the Coast Range data indicates a higher accumulation rate later in the recovery process than earlier.  One explanation for this difference is the limited data for older channels in the HJ Andrews study in terms of both sample number and date certainty.  Another complication is that wood volumes in the 250 year-old channels in the HJ Andrews Forest are underestimates.  This is known because several (8-12) large pieces of old wood were observed in these channels but not measurable because of their degree of burial.  Therefore, detailed comparisons of long-term accumulation rates (>50 years) between this study and the Coast Range study require deeper investigation.  Nevertheless, over all time intervals, the HJ Andrews channels exhibit greater wood volumes
. 

Sediment volumes measured in the HJ Andrews sites and the Coast Range sites are more similar than wood volumes
, but rates were again higher in the HJ Andrews Forest.  Figures 11 and 12 compare sediment trends from the two studies.  Figure 11 is the same as Figure 3 above, and Figure 12 is from May and Gresswell (2003). 
Average sediment volumes from the 1996 channels and average volumes from the 1964 channels suggest that low-order channels in the study area accumulate an average of 0.22m3/m of sediment in the first 11 years and 0.92m3/m in the first 43 years.  May and Gresswell's derived equation for sediment accumulation rate (see Figure 12) indicates accumulation volumes of 0.05m3/m in the first 11 years and 0.38m3/m in the first 43 years.  The volumes for the first 11 years differ by a factor of 4 like wood volumes
, suggesting faster sediment accumulation in the HJ Andrews channels; however both values are small enough to be within the range of sampling inconsistency errors
.  The sediment volumes for the first 43 years differ by a factor of 2.5, less than the difference in wood volumes (a factor of 7). 
Figure 11. Sediment accumulation

 Figure 12. Sediment accumulation 
(HJ Andrews) 



(Coast Range)
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The higher values in the HJ Andrews Forest suggest that the correlation between wood and sediment volumes applies across study areas of otherwise similar environments.  However, sediment volumes were relatively similar compared to wood 
volumes, signaling that other factors must be considered.  Differences between the Coast and Cascade Ranges such as erosional processes and sediment input rates as well as channel slope would influence accumulation differently.  These discrepancies make comparisons between sediment accumulation rates suspect without further research.  
It is also important to note that May and Gresswell found a steeper relationship between sediment volume and wood volume than was observed in this study.  The difference can be seen in Figures 13 and 14, the first of which comes from this study and the second from May and Gresswell (2003).  

Figure 13. Sediment and Wood


Figure 14. Sediment and Wood 
(HJ Andrews)  




(Coast Range)
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The steeper relationship in the Coast Range could indicate that wood plays a greater role in sediment storage there; but this hypothesis is weakened by the observation that both studies report wood blocking 87% of all sediment.  Another explanation is that the wood-based sediment storage in the Coast Range is much nearer its threshold capacity than in the HJ Andrews Forest.  Only when sediment volumes become very high does the extra wood in the HJ Andrews channels become a crucial factor.  This hypothesis is supported by the observation that sediment volumes increase nonlinearly with wood volume in the HJ Andrews Forest compared to the linear relationship in the Coast Range, and by the observation that wood becomes an increasingly important sediment obstruction in older, fuller channels. 
While explaining the differences between the Coast Range the HJ Andrews Forest warrants further examination, the sediment volume data from this HJ Andrews study has valuable applications by themselves.  The preliminary results help predict the amount of material in a channel after a certain time since its last flushing.  If the frequency of debris flows in the area is also known, then one can predict both how often the channel flushes and how much material will be discharged. 
Both the frequency and the amount of material discharged by a debris flow have many known and unknown implications on the landscape and ecosystems of the channel and deposition areas downstream from the channel.  For example, different vegetation cycles will develop on the downstream alluvial fan depending on whether the channel transports small, regular pulses of sediment versus large, infrequent deposits.  The different vegetation as well as direct impacts of different sediment flux patterns on animals will favor some species over others.  Details of these ecosystem impacts are beyond the scope of this paper but depend on the factors explained here. 
Changing either the debris flow frequency or the amount of material discharged will impact the ecosystem adapted to the channel's natural patterns.  Forest management has been found to increase debris flow frequency by undercutting hillslopes and destabilizing the soil when building roads or removing old trees (Swanson and Dyrness 1975).  This study offers preliminary data suggesting that forest management plays an additional role by affecting how channels accumulate material.  Because wood is a primary sediment storage mechanism in low-order channels, and because sediment volume is positively correlated to wood volume, management practices such as clear-cutting that reduce wood input to channels are likely to reduce sediment accumulation rates and increase the regularity of sediment transport. 
While this study does not include a large enough sample of plantation sites to compare the rates of wood accumulation between natural forests and managed forests, it is reasonable to expect that cutting and planting trees on a typical management cycle would reduce wood input unless buffer strips of standing forest are left next to the channel or wood is places intentionally in the channel (Swanson and Fredriksen 1982).  Initial findings from the two plantations in this study exhibit less wood than natural channels in corresponding years, so far supporting that hypothesis.  
The above mentioned connections between forest management and debris flows are shown in the influence diagram of Figure 15.  This figure portrays the primary sources of material to a refilling channel, the storage sites of material within a channel, and the processes that block or remove the material.  Developing quantitative measures for each of these sources, sinks, and processes in a particular region such as the Cascade Mountains will improve predictions of debris flow cycling and the flows’ impacts on biota.  This study begins to assign numbers to the four boxes within the channel.  Those data can be combined with past and future studies to complete the model.  A quantitative link between road building and sediment storage, for example, follows the diagram. 


Figure 15. Soil and sediment transfer processes and storage sites affecting debris flow cycles.
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Data from Kai Snyder's master's thesis (2000) on debris flow activity in the HJ Andrews Forest can be used to quantify one influence pathway from forest management to material in 2nd order channels.  According to Snyder’s analysis of all debris flows in the HJ Andrews Forest since 1946, basins disturbed by roads experience debris flows with 11 to 50 times the frequency of natural forest areas.  The factor of 11 is associated with 1996 debris flows, and the factor of 50 refers to 1964 flow activity.  The following analysis uses the recent 11-fold figure.  
A sediment accumulation rate for low-order channels is derived from this study as 0.009m3/m per year.  This is a simple calculation of the average sediment volume after 43 years (0.38m3/m) divided by 43 years.
Assuming that debris flows occur in low-order HJ Andrews channels at the natural rate of X years between flows, the channels will have 0.009X m3/m of material in them at each flow event.  If roads have influenced the area, debris flows may happen every X/11 years.  Then the channels will store 0.0008Xm3/m of material between flows or 1/11 the natural volume.  The result is more frequent and less massive releases of sediment downstream.  However, roads may also induce increased sediment input to the channel, which would likely increase sediment accumulation based on the evidence that sediment storage in HJ Andrews channels is under capacity.  <<you don’t need to mess with it at this point, but the Wemple/Swanson/Jones (2001) paper on roads as sources or sinks for sediment in the 1996 flood is relevant here – roads can trap sediment on the valley floor before it gets to the mainstem channel>>
Furthermore, Snyder’s research reveals that debris flow impacts in 2nd order channels are disproportionately higher than in 1st order channels.  This is attributed to the dendritic nature of stream networks, with multiple 1st order streams feeding the same 2nd order stream.  Approximately twice the percentage area
 of 2nd orders streams experience debris flows in the study period compared to the percentage area of 1st order channels (Snyder 2000).  If flow frequency in 1st order channels translates to twice the frequency in 2nd order channels because the upstream events trigger flows downstream, then roads built across 1st order basins will have a two-fold impact on 2nd order streams.  The frequency becomes X/22 years between flows, and the amount of material available for entrainment by debris flows becomes 0.0004X m3/m.  Again, sediment accumulation might be somewhat faster due to more input from the unstable slopes upstream.  

The volume of sediment trapped in the channel between debris flows also depends on the storage capacity of the channel, which depends on wood.  Therefore, if a 2nd order channel is surrounded by a plantation downstream of a road, the reduced wood input is likely to decrease sediment accumulation.  The result is even more regular discharge 
and smaller debris flows.  The frequency of debris flows will not necessarily increase as much as predicted because flow initiation may be influenced by the volume of material in the channel in some circumstances, and the stated factors greatly reduce stored volumes (Swanson and Fredriksen 1982).  Understanding this final influence requires further research on wood and sediment accumulation rates in plantation-bordered channels and on threshold forces that trigger debris flows relative to material volume in the channels.
Summary
· The effects of debris flows on the landscape and biotic systems depend on their frequency and scale.  Their scale (amount of material carried) depends in part on their frequency and their fill rate of channels between flows.  Their frequency may also depend on fill rate.
· This study measured fill volumes of wood and sediment in channels with varying time intervals since flushing by their last debris flow to determine accumulation rates.
· Within the HJ Andrews Forest, channels with higher wood volumes correspond to channels with higher sediment volumes, both of which also correspond to channels with longer periods since last flushing by debris flows.  Plotting these volumes over time provided a visualization of accumulation rates.  As stated throughout this report, additional sites need to be surveyed to verify the preliminary results of this study and to fit a statistical curve to wood and sediment accumulation rates. 
· Wood plays a role in storing 87% of sediment in low-order channels.
Channels in the HJ Andrews Forest accumulate wood more quickly 
than channels in the Oregon Coast Range, as studied by May and Gresswell (2003).  This is likely due to the older forests and larger trees that surround the HJ Andrews channels compared to the Coast Range channels. 

· Sediment accumulation rates are slightly higher in the HJ Andrews Forest than in the Coast Range, but they are more similar than wood accumulation rates 
between the regions.  Sediment accumulation rates may differ between the areas partly due to more wood in 
the HJ Andrews channels.  Explaining this comparison requires further research on sediment input processes, channel slope and other differences between the study areas. 
· Forest management affects the frequency of debris flows and is likely to affect the accumulation rates between debris flows, contributing to a two-fold impact on the debris flow environment.  If a practice reduces wood input to a channel, then less wood and sediment will accumulate than would naturally.  Sediment transport will be more regular (frequent) and debris flows less voluminous.  Increased frequency of debris flows due to the same or other disturbance would add to that shift.  

Expansion of this study needs to include more plantation sites to complete the quantitative comparison between debris flow effects in natural and managed environments.
Ecosystem Informatics

While this project was predominantly ecosystem field research and data analysis, it contributed to a larger objective that abounds with ecosystem informatics components.  That goal is to understand and model debris flow systems.  Through this specific study, a conceptual model was developed from other models in literature and by observing material transfer processes in the field.  Values from this study and others were assigned to some of the model’s components, and preliminary conclusions about debris flow behavior as influenced by forest management were calculated.

This project has abundant room for ecosystem informatics expansion.  The data base needs more field measurements of both forested and plantation sites so that statistical analysis can be performed.  Determining if a general equation for accumulation rates in the HJ Andrews Forest can be derived is the next step, followed by comparing that finding to May and Gresswell (2003).  Filling in the conceptual model or reworking it would require analytical compilation of existing data and new results from this study’s expansion.  Comparing accumulation rates with debris flow frequency under different environmental conditions is one avenue to explore.  This could be pursued in conjunction with biotic responses to large infrequent debris flows versus more chronic sediment transport.  Further analysis could be made of the role of stream network structure on the volumes and frequencies of debris flows as they move through network under different frequencies of initiation.  Field researchers, statistical modelers, and ecologists could all therefore contribute to this project’s future.


Ecosystem informatics means applying ecosystem research to larger understandings through mathematical and/or computer modeling tools.  Qualitatively and quantitatively linking data from multiple sources to explain processes yields the best predictive capabilities available.  Credible predictions of environmental and economic outcomes of management alternatives are crucial for making policy decisions and ensuring their implementation.  Improving the scientific basis for models and refining them to match historical records increases credibility and planning abilities.  Finally, grasping the limitations of models and the complexity of natural processes is as important as making science-based predictions.
Appendix
Figure 16. Summary of Debris Flow Channel Characteristics in the HJ Andrews Experimental Forest

This is a table, as Steve notes.
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� Trees growing along the lower banks of the channel and assumed to have seeded established since the last debris flow can be used to assess the minimum time since that event.  Using a tree core, a Douglass Fir was estimated at 140 years in one channel (WS11), and a cedar was estimated at 95 years in the other (WS9).  These ages represent minimum time since debris flow, and the last flows could have been as long ago as 1,000 years or more.





�Streamside slide is a better  term and one consistent with usage in earlier studies in this area.  my fault for not using it early in our discussions.


�It is difficult to describe this because % can be used as a both slope measure and in description of differences between two values of anything.  (I see you struggling with this issue here)  How about: “Channel slope from one section to the next varied by 6 percentage units.”


�Not clear to me why you say this.


�I suggest using “channel site” terminology because the channels themselves are much older, but “site” may put more attention to the condition of the site.  How about doing a global replacement on this point in the paper?


�Update with your new numbers.


�Update numbers.


�update


�“are probably not statistically significantly different because of small sample sizes.”


�update


�do you mean length?


�?? what is more regular?  More frequent debris flows?


�update


�update


�update


�point is not clear to me.
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Channel Data

		Debris Flow Wood and Sediment Accumulation

		Arianna Lambie

		Jul-07

		Summary Data

														% of surface area																				sediment stored by:

		Channel		Time since last debris flow (years)		Stream Order		Avg streambed width  (m)		Avg Channel width (m)		Avg Slope (%)		bedrock		large wood		small wood		sediment		other:										predominant sediment type		Large Wood		Large and Small Wood		Large Wood and Boulders (and sometimes small wood)		Small Wood		Boulders (>.64m)		Small Wood and Boulders		Hillslump or Bank alone		Shallow Slope alone				sediment + hillslope column for graph		time since debris flow for graph

		Forested areas:

		sec 7		11		2		1.9		5.1		17.4		50.1		6.5		6.9		34.6		1.9		0.49		0.82		0.52		0.30		gravel, cobble		11.64		5.11		51.86		0.00		1.79		1.89		0.00		5.28				0.82		11

		2-3		11		1		1.8		6.4		24.9		79.5		4.0		8.0		8.5		0.0		0.62		0.08		0.08		none noted		gravel		0.41		1.58		0.00		2.83		0.00		3.02		0.00		0.17				0.08		11

		3a		11		1		1.8		6.4		20.9		77.0		3.0		5.7		6.3		8.0		0.25		0.13		0.05		0.08		gravel		2.26		0.00		0.00		0.59		0.34		0.00		1.47		0.28				0.13		11

		1-2		43		1		2.1		7.0		21.4		31.0		18.0		17.5		28.0		5.5		1.46		0.46+		0.46		some noted		gravel		35.68		3.41		0.00		5.04		0.47		0.00				1.38				0.46		43

		gate		43		2		3.7		10.4		16.1		33.3		12.7		11.3		30.3		11.7		1.95		2.29		1.39		0.90		gravel		157.71		30.57		5.38		0.00		12.77		0.00		1.96		0.00				2.29		43

		9		>43		?		2.6		4.8		38.5		25.0		14.5		13.5		28.5		16.5		1.24		1.32		0.92		0.40		soil, fine sediment, gravel		23.66		35.18		18.04		4.63		9.56		1.00		0.00		0.00				1.32		250

		11		>43		2		2.7		7.9		39.0		1.0		8.5		9.0		75.0		5.5		2.37		3.21+		2.65		0.056+		cobble, boulder, gravel		80.70		64.80		76.46		0.00		36.69		6.50				0.00		total		3.21		250

																																total:		312.05		140.65		151.74		13.10		61.62		12.41		3.43		7.11		694.98

																																total percentage:		44.90		20.24		21.83		1.88		8.87		1.79		0.49		1.02		100.00

		Plantations:

		3c		11		2		2.6		8.9		15.6		79.5		1.5		5.0		10.0		3.5		0.04		0.25		0.10		0.15		gravel, cobble

		402a		43		2		2.7		7.0		23.0		47.7		6.8		5.9		28.6		10.9		0.88		0.86		0.43		0.42		fine sediment, gravel

																						96		0.46				0.22						86.97

																						64		1.70				0.20

																																		15.01		6.59		66.85		0.00		2.31		2.44		0.00		6.81		9.41

																																		5.06		19.69		0.00		35.44		0.00		37.71		0.00		2.10

																																		45.69		0.00		0.00		12.03		6.89		0.00		29.73		5.67		2.20

																																		77.61		7.41		0.00		10.96		1.02		0.00		0.00		3.00

																																		75.68		14.67		2.58		0.00		6.13		0.00		0.94		0.00

																																		25.70		38.21		19.59		5.03		10.39		1.09		0.00		0.00		3.28

																																		30.44		24.44		28.84		0.00		13.84		2.45		0.00		0.00



>20cm in diameter
>2m in length

smaller than large wood

hja_guest:
As defined by HJA interactive map stream system or by observed tributaries in the field
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Channel Profile Graphs
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		Large Wood

		Large and Small Wood

		Large Wood and Boulders (and sometimes small wood)

		Small Wood

		Boulders (>.64m)

		Small Wood and Boulders

		Hillslump or Bank alone

		Shallow Slope alone



Sediment Obstructions

Percent of Sediment Volume Stored

312.048

140.646

151.73675

13.097

61.6195

12.4055

3.428

7.108



		Large Wood

		Large and Small Wood

		Large Wood and Boulders (and sometimes small wood)

		Small Wood

		Boulders (>.64m)

		Small Wood and Boulders

		Hillslump or Bank alone

		Shallow Slope alone



Sediment Obstructions

.5%

45%

44.9002364454

20.2373950645

21.8332306326

1.8845126286

8.866360687

1.7850134698

0.4932510721

1.0227621413



		



Percent of Sediment Volume

Sediment Obstructions (for comparison to May and Greswell)



		





		1		1		20

		2		2		18

		3		3		17

		4		4		19

		5		5		18

		6		6		18

		7		7		49

		8		8		18

		9		9		19

		10		10		18



sediment volume (m3)

wood volume (m3)

slope (%)

Section

Channel Profile WS 1-2

1.729

3.1256935546

2.144

28.2860909625

18.837

57.065725714

9.12

28.7088861447

9.586

7.2236777983

0.884

11.5883202012

0.24

3.0424100037

1.588

3.167351038

0.39

0.73513206

1.458

2.62636924



		0.252		8.760323715		22

		0.324		9.542579625		20

		3.525		23.559725887		26

		0.308		5.604910719		31

		0.968		0		22

		2.0475		0		20

		0.168		4.5238896		22

		0.405		1.945272528		27

		0		7.5030212389		32

		7.9975		1.0053088		27



sediment volume (m3)

wood volume (m3)

slope (%)

Section

Channel Profile WS 2-3



		21.538		22.0176764355		38

		15.552		7.4357665392		39

		30.912		30.242516135		38

		24		7.0681376774		24

		30		52.8562464412		43

		31.9		38.094719125		44

		33.8		49.28526392		42

		31.8		6.515849487		34

		24		11.1216684226		40

		21.65		12.1202308663		48



sediment volume (m3)

wood volume (m3)

slope (%)

Section

Channel Profile WS 11



		

		Width of channel		generally defined as the width between the banks at about 5m above streambed

		Sediment		refers to pebbles (fine sediment to boulders) that likely originated upstream and are transported by stream

		Hillslope input and hillslump		refer to soil and rock input from the side slopes

		Large wood		>.2m in diameter and >2m in length; Wood that was >2m above channel floor was not measured

		Small wood		anything smaller than large wood

		Lettered wood		too burried and decayed to meausure, but are clearly >2m in length and >.2m in diameter

		Boulders		less than one meter unless otherwise noted

		+ signs		indicate that more than that value was observed, but not measured





		Larger question: what is influencing the filling of debris flow channels?  Extension: what does this tell us about the frequency and/or scale of subsequent debris flows?

		Eventually: what do differences between plantations and forested regions tell us about the how management effects fill rate, debris flow frequency, and debris flow impacts?

		sediment budgeting - dietrich - swanson 82

		think conceptually, then go back to numbers and see how they fit

		compartmentalize the components within the system

		what further sampling should we put priorities on

		what data do we need from already-surveyed channels

		With more data, ordinations will be useful to tease out the effects of variables

		Comparison with May and Greswell

				background and observations:

						Cascades may have more variable bedrock slope in channel

								catches some deposition in a predominant scour zone such as in channel 402a section 4, sec 7 section 5

						Cascades may have more thick fan deposits through which the channels cut

								more hillslope slides and sideslope input?

						Both exhibit large dams of deposited logs at tributary junctions, but Cascades might have more along straight reaches of channel (due to slope and channel width variation)

						Cascades have more large boulders

						Cascades are volcanic rock, Coast more uplift

						Cascades have more large trees (less frequent fires) check to see what forests surrounded May and Greswell's channels

						Compare erosion rates

				results:

						Mine show more wood in channels, especially younger ones

						Both show similar amounts of sediment in younger channels, mine don't show quite as much sediment as Coast Range does in older channels (more transport out?) Need to examine discharge rates of the watersheds

								My wood may not have reached full sediment storage capacity yet; both places accumulate sediment at similar rates until approach sediment obstruction's capacity

						Very similar breakdown of sediment obstructions/storage mechanisms

		From graph 1 to graph 2, high-material channels show more fill, while low-material channels don't change much --> hillslope contribution is more likely where there are other favorable factors for accumulation

		Note how much wood and sediment is in the gate channel (possibly due to high steep banks but wide channel, fan environment)

		Slope shows some correlation with sediment volume in younger channels, but older ones have too much stuff in them for slope to matter anymore; the more notable trend in the slope versus sediment graph is the difference in the age of channels.

		Shallow slope tends to accumulate boulders and small wood, but these sediment obstructions are much smaller factors than large wood, which is not as influenced by slope

		Plantations do exhibit less wood as expected, but only two datapoints.

		Forest management in first order systems --> more debris flow disturbance in first order channels --> disproportionate effect on 2nd order channels (more frequent flushing of 2nd order channels)--> not reaching debris flow potential before next cycle -->

		More triggers from upstream channels means more frequent, less dramatic impacts from debris flows.  Rate of accumulation in 2nd order channels says how much will be flushed with each frequent debris flow: depends on site characteristics (probably especial

		More wood in 2nd order channel --> more buffering of sediment pulses from upstream.  If triggers upstream are more frequent, less volumnous, less force to trigger downstream flush, then 2nd orders stream with lots of blockades will prevent the small sedim

		From Snyder:

		Although debris flows usually initiated on first-order streams, these streams

		experienced far less primary disturbance than second- and third-order streams (Table 4).

		This was due to the dendritic nature of the stream network: second- and third-order

		streams may have numerous first-order channels upstream, each potentially providing the

		conditions for debris flow initiation. Consequently, the recurrence interval of primary

		disturbance was much shorter in second- and third-order channels than in first-order ones.

		Increases in the

		rate of sliding in clearcuts may range from 1.9 to 3.7 times when compared with

		undisturbed forest (Sidle et al. 1985). In addition, slope failures have been found to travel

		9

		1.7 times farther in clearcuts than in undisturbed watersheds in the Oregon Coast Range

		(Ketcheson and Froehlich 1978).

		debris

		flow initiation was approximately 50 times more frequent from roads than from natural

		forest in WY 1965, on a unit-area basis. In WY 1996 the frequency of road-related

		debris flow initiation was more than 11 times that of natural forest
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Debris flows transport sediment and wéod stored in low-order channels and leave behind an erosional
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Channel Data

		Debris Flow Wood and Sediment Accumulation

		Arianna Lambie

		Jul-07

		Summary Data

														% of surface area																				sediment stored by:

		Channel		Time since last debris flow (years)		Stream Order		Avg streambed width  (m)		Avg Channel width (m)		Avg Slope (%)		bedrock		large wood		small wood		sediment		other:										predominant sediment type		Large Wood		Large and Small Wood		Large Wood and Boulders (and sometimes small wood)		Small Wood		Boulders (>.64m)		Small Wood and Boulders		Hillslump or Bank alone		Shallow Slope alone				sediment + hillslope column for graph		time since debris flow for graph

		Forested areas:

		sec 7		11		2		1.9		5.1		17.4		50.1		6.5		6.9		34.6		1.9		0.49		0.82		0.52		0.30		gravel, cobble		11.64		5.11		51.86		0.00		1.79		1.89		0.00		5.28				0.82		11

		2-3		11		1		1.8		6.4		24.9		79.5		4.0		8.0		8.5		0.0		0.62		0.08		0.08		none noted		gravel		0.41		1.58		0.00		2.83		0.00		3.02		0.00		0.17				0.08		11

		3a		11		1		1.8		6.4		20.9		77.0		3.0		5.7		6.3		8.0		0.25		0.13		0.05		0.08		gravel		2.26		0.00		0.00		0.59		0.34		0.00		1.47		0.28				0.13		11

		1-2		43		1		2.1		7.0		21.4		31.0		18.0		17.5		28.0		5.5		1.46		0.46+		0.46		some noted		gravel		35.68		3.41		0.00		5.04		0.47		0.00				1.38				0.46		43

		gate		43		2		3.7		10.4		16.1		33.3		12.7		11.3		30.3		11.7		1.95		2.29		1.39		0.90		gravel		157.71		30.57		5.38		0.00		12.77		0.00		1.96		0.00				2.29		43

		9		>43		?		2.6		4.8		38.5		25.0		14.5		13.5		28.5		16.5		1.24		1.32		0.92		0.40		soil, fine sediment, gravel		23.66		35.18		18.04		4.63		9.56		1.00		0.00		0.00				1.32		250

		11		>43		2		2.7		7.9		39.0		1.0		8.5		9.0		75.0		5.5		2.37		3.21+		2.65		0.056+		cobble, boulder, gravel		80.70		64.80		76.46		0.00		36.69		6.50				0.00		total		3.21		250

																																total:		312.05		140.65		151.74		13.10		61.62		12.41		3.43		7.11		694.98

																																total percentage:		44.90		20.24		21.83		1.88		8.87		1.79		0.49		1.02		100.00

		Plantations:

		3c		11		2		2.6		8.9		15.6		79.5		1.5		5.0		10.0		3.5		0.04		0.25		0.10		0.15		gravel, cobble

		402a		43		2		2.7		7.0		23.0		47.7		6.8		5.9		28.6		10.9		0.88		0.86		0.43		0.42		fine sediment, gravel

																						96		0.46				0.22						86.97

																						64		1.70				0.92

																																		15.01		6.59		66.85		0.00		2.31		2.44		0.00		6.81		9.41

																																		5.06		19.69		0.00		35.44		0.00		37.71		0.00		2.10

																																		45.69		0.00		0.00		12.03		6.89		0.00		29.73		5.67		2.20

																																		77.61		7.41		0.00		10.96		1.02		0.00		0.00		3.00

																																		75.68		14.67		2.58		0.00		6.13		0.00		0.94		0.00

																																		25.70		38.21		19.59		5.03		10.39		1.09		0.00		0.00		3.28

																																		30.44		24.44		28.84		0.00		13.84		2.45		0.00		0.00
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smaller than large wood

hja_guest:
As defined by HJA interactive map stream system or by observed tributaries in the field
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Percent of Sediment Volume

Sediment Obstructions (for comparison to May and Greswell)



		





		1		1		20

		2		2		18

		3		3		17

		4		4		19

		5		5		18

		6		6		18
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11.5883202012

0.24
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1.588

3.167351038

0.39
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		0.252		8.760323715		22

		0.324		9.542579625		20

		3.525		23.559725887		26

		0.308		5.604910719		31

		0.968		0		22

		2.0475		0		20

		0.168		4.5238896		22

		0.405		1.945272528		27

		0		7.5030212389		32

		7.9975		1.0053088		27
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		21.538		22.0176764355		38

		15.552		7.4357665392		39

		30.912		30.242516135		38

		24		7.0681376774		24

		30		52.8562464412		43

		31.9		38.094719125		44

		33.8		49.28526392		42

		31.8		6.515849487		34

		24		11.1216684226		40

		21.65		12.1202308663		48
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		Width of channel		generally defined as the width between the banks at about 5m above streambed

		Sediment		refers to pebbles (fine sediment to boulders) that likely originated upstream and are transported by stream

		Hillslope input and hillslump		refer to soil and rock input from the side slopes

		Large wood		>.2m in diameter and >2m in length; Wood that was >2m above channel floor was not measured

		Small wood		anything smaller than large wood

		Lettered wood		too burried and decayed to meausure, but are clearly >2m in length and >.2m in diameter

		Boulders		less than one meter unless otherwise noted

		+ signs		indicate that more than that value was observed, but not measured





		Larger question: what is influencing the filling of debris flow channels?  Extension: what does this tell us about the frequency and/or scale of subsequent debris flows?

		Eventually: what do differences between plantations and forested regions tell us about the how management effects fill rate, debris flow frequency, and debris flow impacts?

		sediment budgeting - dietrich - swanson 82

		think conceptually, then go back to numbers and see how they fit

		compartmentalize the components within the system

		what further sampling should we put priorities on

		what data do we need from already-surveyed channels

		With more data, ordinations will be useful to tease out the effects of variables

		Comparison with May and Greswell

				background and observations:

						Cascades may have more variable bedrock slope in channel

								catches some deposition in a predominant scour zone such as in channel 402a section 4, sec 7 section 5

						Cascades may have more thick fan deposits through which the channels cut

								more hillslope slides and sideslope input?

						Both exhibit large dams of deposited logs at tributary junctions, but Cascades might have more along straight reaches of channel (due to slope and channel width variation)

						Cascades have more large boulders

						Cascades are volcanic rock, Coast more uplift

						Cascades have more large trees (less frequent fires) check to see what forests surrounded May and Greswell's channels

						Compare erosion rates

				results:

						Mine show more wood in channels, especially younger ones

						Both show similar amounts of sediment in younger channels, mine don't show quite as much sediment as Coast Range does in older channels (more transport out?) Need to examine discharge rates of the watersheds

								My wood may not have reached full sediment storage capacity yet; both places accumulate sediment at similar rates until approach sediment obstruction's capacity

						Very similar breakdown of sediment obstructions/storage mechanisms

		From graph 1 to graph 2, high-material channels show more fill, while low-material channels don't change much --> hillslope contribution is more likely where there are other favorable factors for accumulation

		Note how much wood and sediment is in the gate channel (possibly due to high steep banks but wide channel, fan environment)

		Slope shows some correlation with sediment volume in younger channels, but older ones have too much stuff in them for slope to matter anymore; the more notable trend in the slope versus sediment graph is the difference in the age of channels.

		Shallow slope tends to accumulate boulders and small wood, but these sediment obstructions are much smaller factors than large wood, which is not as influenced by slope

		Plantations do exhibit less wood as expected, but only two datapoints.

		Forest management in first order systems --> more debris flow disturbance in first order channels --> disproportionate effect on 2nd order channels (more frequent flushing of 2nd order channels)--> not reaching debris flow potential before next cycle -->

		More triggers from upstream channels means more frequent, less dramatic impacts from debris flows.  Rate of accumulation in 2nd order channels says how much will be flushed with each frequent debris flow: depends on site characteristics (probably especial

		More wood in 2nd order channel --> more buffering of sediment pulses from upstream.  If triggers upstream are more frequent, less volumnous, less force to trigger downstream flush, then 2nd orders stream with lots of blockades will prevent the small sedim

		From Snyder:

		Although debris flows usually initiated on first-order streams, these streams

		experienced far less primary disturbance than second- and third-order streams (Table 4).

		This was due to the dendritic nature of the stream network: second- and third-order

		streams may have numerous first-order channels upstream, each potentially providing the

		conditions for debris flow initiation. Consequently, the recurrence interval of primary

		disturbance was much shorter in second- and third-order channels than in first-order ones.

		Increases in the

		rate of sliding in clearcuts may range from 1.9 to 3.7 times when compared with

		undisturbed forest (Sidle et al. 1985). In addition, slope failures have been found to travel

		9

		1.7 times farther in clearcuts than in undisturbed watersheds in the Oregon Coast Range

		(Ketcheson and Froehlich 1978).

		debris

		flow initiation was approximately 50 times more frequent from roads than from natural

		forest in WY 1965, on a unit-area basis. In WY 1996 the frequency of road-related

		debris flow initiation was more than 11 times that of natural forest
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Debris flows transport sediment and wéod stored in low-order channels and leave behind an erosional
zone that is typically scoured to bedrock (Swanson and L1enkaemper 1978 May, 2002) The erosion of the

PR R VYRR T IR L P













_1249125972.xls
Chart1

		11		11

		11		43

		11

		43

		43

		250

		250



Forested Areas

Plantations

Time since last debris flow (years)

Volume of measurable wood in channel (m3/m)

0.4931989085

0.036

0.6244503211

0.8832815904

0.2485079371

1.4556965672

1.9537529519

1.2420356582

2.3675807505



Channel Data
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		Summary Data

														% of surface area																				sediment stored by:

		Channel		Time since last debris flow (years)		Stream Order		Avg streambed width  (m)		Avg Channel width (m)		Avg Slope (%)		bedrock		large wood		small wood		sediment		other:		volume of wood in channel per length (m3/m)		volume of sediment + hillslope input in channel per length (m3/m)		volume of sediment in channel per length (m3/m)		volume of hillslope input in channel per length (m3/m)		predominant sediment type		Large Wood		Large and Small Wood		Large Wood and Boulders (and sometimes small wood)		Small Wood		Boulders (>.64m)		Small Wood and Boulders		Hillslump or Bank alone		Shallow Slope alone				sediment + hillslope column for graph		time since debris flow for graph

		Forested areas:

		sec 7		11		2		1.9		5.1		17.4		50.1		6.5		6.9		34.6		1.9		0.49		0.82		0.52		0.30		gravel, cobble		11.64		5.11		51.86		0.00		1.79		1.89		0.00		5.28				0.82		11

		2-3		11		1		1.8		6.4		24.9		79.5		4.0		8.0		8.5		0.0		0.62		0.08		0.08		none noted		gravel		0.41		1.58		0.00		2.83		0.00		3.02		0.00		0.17				0.08		11

		3a		11		1		1.8		6.4		20.9		77.0		3.0		5.7		6.3		8.0		0.25		0.13		0.05		0.08		gravel		2.26		0.00		0.00		0.59		0.34		0.00		1.47		0.28				0.13		11

		1-2		43		1		2.1		7.0		21.4		31.0		18.0		17.5		28.0		5.5		1.46		0.46+		0.46		some noted		gravel		35.68		3.41		0.00		5.04		0.47		0.00				1.38				0.46		43

		gate		43		2		3.7		10.4		16.1		33.3		12.7		11.3		30.3		11.7		1.95		2.29		1.39		0.90		gravel		157.71		30.57		5.38		0.00		12.77		0.00		1.96		0.00				2.29		43

		9		>43		?		2.6		4.8		38.5		25.0		14.5		13.5		28.5		16.5		1.24		1.32		0.92		0.40		soil, fine sediment, gravel		23.66		35.18		18.04		4.63		9.56		1.00		0.00		0.00				1.32		250

		11		>43		2		2.7		7.9		39.0		1.0		8.5		9.0		75.0		5.5		2.37		3.21+		2.65		0.056+		cobble, boulder, gravel		80.70		64.80		76.46		0.00		36.69		6.50				0.00		total		3.21		250

																																total:		312.05		140.65		151.74		13.10		61.62		12.41		3.43		7.11		694.98

																																total percentage:		44.90		20.24		21.83		1.88		8.87		1.79		0.49		1.02		100.00

		Plantations:

		3c		11		2		2.6		8.9		15.6		79.5		1.5		5.0		10.0		3.5		0.04		0.25		0.10		0.15		gravel, cobble

		402a		43		2		2.7		7.0		23.0		47.7		6.8		5.9		28.6		10.9		0.88		0.86		0.43		0.42		fine sediment, gravel
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		Width of channel		generally defined as the width between the banks at about 5m above streambed

		Sediment		refers to pebbles (fine sediment to boulders) that likely originated upstream and are transported by stream

		Hillslope input and hillslump		refer to soil and rock input from the side slopes

		Large wood		>.2m in diameter and >2m in length; Wood that was >2m above channel floor was not measured

		Small wood		anything smaller than large wood

		Lettered wood		too burried and decayed to meausure, but are clearly >2m in length and >.2m in diameter

		Boulders		less than one meter unless otherwise noted

		+ signs		indicate that more than that value was observed, but not measured





		Larger question: what is influencing the filling of debris flow channels?  Extension: what does this tell us about the frequency and/or scale of subsequent debris flows?

		Eventually: what do differences between plantations and forested regions tell us about the how management effects fill rate, debris flow frequency, and debris flow impacts?

		sediment budgeting - dietrich - swanson 82

		think conceptually, then go back to numbers and see how they fit

		compartmentalize the components within the system

		what further sampling should we put priorities on

		what data do we need from already-surveyed channels

		With more data, ordinations will be useful to tease out the effects of variables

		Comparison with May and Greswell

				background and observations:

						Cascades may have more variable bedrock slope in channel

								catches some deposition in a predominant scour zone such as in channel 402a section 4, sec 7 section 5

						Cascades may have more thick fan deposits through which the channels cut

								more hillslope slides and sideslope input?

						Both exhibit large dams of deposited logs at tributary junctions, but Cascades might have more along straight reaches of channel (due to slope and channel width variation)

						Cascades have more large boulders

						Cascades are volcanic rock, Coast more uplift

						Cascades have more large trees (less frequent fires) check to see what forests surrounded May and Greswell's channels

						Compare erosion rates

				results:

						Mine show more wood in channels, especially younger ones

						Both show similar amounts of sediment in younger channels, mine don't show quite as much sediment as Coast Range does in older channels (more transport out?) Need to examine discharge rates of the watersheds

								My wood may not have reached full sediment storage capacity yet; both places accumulate sediment at similar rates until approach sediment obstruction's capacity

						Very similar breakdown of sediment obstructions/storage mechanisms

		From graph 1 to graph 2, high-material channels show more fill, while low-material channels don't change much --> hillslope contribution is more likely where there are other favorable factors for accumulation

		Note how much wood and sediment is in the gate channel (possibly due to high steep banks but wide channel, fan environment)

		Slope shows some correlation with sediment volume in younger channels, but older ones have too much stuff in them for slope to matter anymore; the more notable trend in the slope versus sediment graph is the difference in the age of channels.

		Shallow slope tends to accumulate boulders and small wood, but these sediment obstructions are much smaller factors than large wood, which is not as influenced by slope

		Plantations do exhibit less wood as expected, but only two datapoints.

		Forest management in first order systems --> more debris flow disturbance in first order channels --> disproportionate effect on 2nd order channels (more frequent flushing of 2nd order channels)--> not reaching debris flow potential before next cycle -->

		More triggers from upstream channels means more frequent, less dramatic impacts from debris flows.  Rate of accumulation in 2nd order channels says how much will be flushed with each frequent debris flow: depends on site characteristics (probably especial

		More wood in 2nd order channel --> more buffering of sediment pulses from upstream.  If triggers upstream are more frequent, less volumnous, less force to trigger downstream flush, then 2nd orders stream with lots of blockades will prevent the small sedim

		From Snyder:

		Although debris flows usually initiated on first-order streams, these streams

		experienced far less primary disturbance than second- and third-order streams (Table 4).

		This was due to the dendritic nature of the stream network: second- and third-order

		streams may have numerous first-order channels upstream, each potentially providing the

		conditions for debris flow initiation. Consequently, the recurrence interval of primary

		disturbance was much shorter in second- and third-order channels than in first-order ones.

		Increases in the

		rate of sliding in clearcuts may range from 1.9 to 3.7 times when compared with

		undisturbed forest (Sidle et al. 1985). In addition, slope failures have been found to travel

		9

		1.7 times farther in clearcuts than in undisturbed watersheds in the Oregon Coast Range

		(Ketcheson and Froehlich 1978).

		debris

		flow initiation was approximately 50 times more frequent from roads than from natural

		forest in WY 1965, on a unit-area basis. In WY 1996 the frequency of road-related

		debris flow initiation was more than 11 times that of natural forest
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Debris flows transport sediment and wéod stored in low-order channels and leave behind an erosional
zone that is typically scoured to bedrock (Swanson and L1enkaemper 1978 May, 2002) The erosion of the
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