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Introduction

Research Question/Expectations

Study Setup

Results Interpretation

This is too 
much… I’m 

out of here…

This looks 
interesting…



Headwater Streams:

• Essential habitat: cooler air 
temperature, stable wind, higher 
humidity

• Climate Refugia

• Add nutrients and oxygen to water
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Presentation Notes
In order to be able to understand the implications and relevance of this research, it is essential to understand the importance of headwater streamsHeadwater streams are small but influential parts of waterways with disproportional effects on the surrounding ecosystem. These streams do not usually support fish populations, but these streams drain into fish-bearing stream and support other aquatic and semiaquatic organisms.Around these streams are areas influenced by the stream called riparian areas. Headwater riparian areas create unique microclimatesCooler temps, moist air, more stable wind and temperature conditionsHome to many aquatic or semi aquatic species, but frequently visited by many other speciesIncreasing interest has been give towards headwater streams and riparian areas as ”climate refugia”. These areas may support species withstand increasing drought and other weather events Add nutrients, oxygen to waterNext Slide Drain most of the catchment area (70-80%)



Colvin et al. 2019
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This map shows the extent of headwater streams in the united states. Each blue line is a headwater stream.Drain most of the catchment area (70-80%).This means that most of the water you use in your daily life likely started out in a headwater stream. The processes that go on in these areas have large effects on the amount and quality of water available for downstream natural ecosystem, as well as for you and meHeadwater streams are ecologically important parts of stream networks, but they also happen to be located where much of managed timber land is. NEXT SLIDE



Forest Atlas of the United States
US Forest Service, 2022
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The overlap of headwater streams and managed forest land has led to protections being put in place for headwater streams in most places.
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Presenter
Presentation Notes
Buffers have been the traditional protection for streams during timber harvests, but they were not always used.Because of the close relationship between headwater streams and upland forest harvesting, people have been interested on forest harvest effects on streams for a while. From the beginning of industrial timber harvesting until the 1960s, no protection was given to headwater streams and timber harvesting often removed all vegetation from a hillslope, include all trees directly adjacent to the stream. This often left completely exposed streams. In the 1960s and 70s, multiple studies around the western united states, including the Alsea watershed study in the coast range west of Corvallis, found large effects of these harvests on headwater streams. They saw large increases in stream temperature, increased sediment loads in streams, increased streamflow, and overall reduced water quality and lower aquatic species populations. After these studies, riparian buffers were implemented in all jurisdictions in western north America, following the results of that research. As a result, forest practices after the 1970s had reduced effects on headwater streams. Recently, the states of Washington, Oregon, and California all have pursued changes in their headwater riparian buffer regulations that increase the density or width of the riparian buffers. These changes have been made to increase protection and reduce the effects of timber harvest on headwater streams, but this time there is little research to explain. The research that does look at different riparian treatment designs produce mixed results. To summarize, in a short period we’ve gone from no buffer at all to tweaking small parts of buffer design, and while there was research justification for buffer implementation in the earlier days, there is limited research to justify the recent changes in riparian buffer regulation. Not to say that these changes have been positive or negative, but just that these changes have preceded research of the effects of the changes.



Fonley et al. 2019

Diel Streamflow:

Range of streamflow rate in 24 hours

Presented in L/s

Diel Streamflow = max flow rate – min flow rate

Daily Streamflow:

Total stream discharge in 24 hours

Presented in normalized discharge (mm)

Precipitation - Evapotranspiration ≈ Streamflow
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Presentation Notes
One of the changes that timber harvests have been seen to have on headwater stream in on the amount of streamflow in affected streams. This is Daily streamflow – simple water balanceProcess behind streamflowDiel streamflow:Diel streamflow rangeDiel fluctuationsDiel signalsYou may think, why do these occur? 3 main drivers proposed: snow melt, viscosity-temperature fluctuations, and transpiration cyclesSnow melt is obviously only present in sites with uphill snowpack.Another factor in diel streamflow is the vegetation that controls the diel streamflow. Does the hillslope veg or just…Importance of diel streamflow:While it is pretty clear of the importance of the amount of daily streamflow, the impact of diel streamflow increases or decreases is less obvious.As our measurement techniques increase the sensitivity and precision of our water measurements, we need to account for diel fluctuations in streamflow to accurately quantify water resources.Methods to estimate evapotranspiration have been developed from diel signals, and understanding the effects of timber harvests on diel signals can improve those methodsAlso, due to the relatively unexplored nature of diel streamflow, there may be information and insight in diel signals not yet understood.



How do forest harvests and different 
riparian buffer treatments affect 
summer low flow and summer diel 
fluctuations in the headwater streams of 
coastal northern California?
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Presentation Notes
Now that we understand the background and motives for this study, let look at my research in particular:My research questions was:How do forest harvests and different riparian buffer treatments affect summer low flow and summer diel fluctuations in the headwater streams of coastal northern California?We had some expectations of what we would see based on previous research, as well as some hypotheses of how the runoff processes control the streamflow in our study sites.



3. Less intense   
riparian treatment

Expectations

1. Timber harvests increase daily 
streamflow

2. More intense   
riparian treatment

larger daily
streamflow

larger diel
streamflow
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To summarize our expectations, here is a brief list:Timber harvests increase daily streamflowMore intense riparian treatment (removing more trees from the riparian zone) increases daily streamflow moreLess intense riparian treatment (removing less trees from the riparian zone) increases diel streamflow following harvest



Study Set-Up

3 treatment streams, 
2 reference streams

3 years of 
measurement

BACI study design

Measured:
• Streamflow: 15 min 
• Weather: 15 min 
• Canopy closure:

pre- and post-
harvest

40 ha

30 ha

28 ha

37 ha

30 ha
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Presentation Notes
Work around:Located in far northern California Next to redwood national parkWithin 20 km of the ocean, strong influenceAll sites are along the same ridge line, and 28-40 haPoints on the rightBefore-After-Control-ImpactThe treatments that were implemented are… NEXT SLIDE



Presenter
Presentation Notes
Make sure to include:ASP implemented in 2009 and updated in 2013Clearcut uphill of riparian treatmentOpposing hillslope on the other side of the stream was untouched except for road constructionThe shade of the orange color indicates the intensity of the harvest, so you can follow along easier when you see these treatment come up again.
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In order to measure the streamflow continuously, we measured stream stage (depth) and developed a rating curve with instantaneous discharge measurements. Because of the very small size of the streams and the rocky, uneven stream bed and also due to the difficulty in accessing these streams, we could not use typical streamflow measurement methods like area-velocity measurements or installing a weir, so we used salt dilution gauging. This is a method where you add a salt solution upstream and measure the conductivity of the stream water downstream. Using some equations and calibrating the measurements for the local stream water, you can get a pretty accurate measurement of streamflow and was the right choice for these small streams.
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Presentation Notes
So now lets look at our results:Here is a summary of the weather data we collected during the study period. You can see the three summer periods, with one pre and two post. Air temp, RH, and solar raditation were pretty stable, and these are the drivers of ET so we are pretty confident that ET was stable during the measurement period. But the precipitation was quite different between the years. On the right you can see the total spring and summer precip in this area. Just a reminder, there is no snowpack in these sites. This is of particular importance because the precipitation is the main input of water into these sites. Due to this large difference, I accounted for precipitation differences when compare pre- and post-harvest years.We got pretty lucky with the years we chose. While the two post-harvest spring and summers were extreme in their total precip, NEXT SLIDE
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Daily Streamflow:

HCP (3%) PRE (19.1%)         ASP (25.2%) HCP (3%) PRE (19.1%)       ASP (25.2%)
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Presentation Notes
Left vs rightX axisIntensityAsteriskHorizontal line indicating no changeSignificant increase from all treatments in both post-harvestPRE and ASP similar increase, despite extremes of riparian treatmentLarge increase (4x)So, let look at some of the real results. Here are the changes in daily streamflow we measured for each stream. The left figure shows the absolute change in streamflow (in units of mm/day), while the right figure shows the ratio of post-harvest to pre-harvest streamflow. This is a relative change in streamflow based on the size of the stream. Also important to note is that the streams are arranged from smallest harvest area to largest harvest area. The horizontal line in each chart marks “no change”, and the asterisk indicates a statistically significant change.So what do these figures show? Left plot:While this absolute change in streamflow increases with the larger amount of the catchment harvested and the streamflow increased more on the second post-harvest summer, the right plot is more useful in comparing the treatments as it shows a relative increase in streamflow. Right plot:There are a few key points from this plot:1. The amount of the catchment harvested seems to match with the increase in streamflow, where the riparian treatment does not match well (the PRE treatment and the ASP treatment – most and least intense treatment- had roughly the same increase).2. There is a significant increase in streamflow in all treatments and in both post-harvest years. Also, the increase in streamflow is quite large – there was a 10-50% increase in streamflow after only 3% of the catchment was harvested and a 4-4.5 times increase in ~20% harvest3. We do see a change from the 1st post harvest year to the 2nd post harvest year, but there does not seem to be any patterns.4. The variance of streamflow increase values is much larger in the PRE treatment than in the other two treatments.
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Diel Streamflow:

HCP (3%) PRE (19.1%)         ASP (25.2%) HCP (3%) PRE (19.1%)     ASP (25.2%)
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Same as previous plotsWe see just barely significant increases in HCPWe can see effects from both riparian treatment and catchment harvest amountLets move on to looking at the effects of harvest on the diel streamflow. Remember, this is the range of streamflow rates throughout the day. Again, we have the absolute increase in diel streamflow on the left in L/s and we have the ration of post-harvest to pre-harvest diel streamflow on the right. The asterisks again indicate a statistically significant increase, and we see a significant increase in all streams except for the second post-harvest year in the HCP treatment. The effects on diel streamflow are quite different than those on the daily streamflow. We still see an increase across the board, but this is a smaller increase with the increase following the amount of the catchment harvested, not the riparian treatment again. While this increase is less than the daily streamflow, its important to remember what this increase is in – if the diel streamflow is increasing by ~2-3x, then the drawdown in streamflow due to evapotranspiration is more than doubling in the ASP treatment. That is still a very significant effect of the harvest. 



Daily Streamflow: 
Small Increase
Diel Streamflow: 
Small Increase
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Presentation Notes
I know you all are probably pretty blurry eyed and falling asleep after all those charts, so lets quickly run through a summary of what we see in the results. We are going to run through each stream and then look at them as a whole.Here is the HCP treatment where 3% of the catchment was harvested on a north-facing slope. The riparian treatment was moderate, and we saw a small increase in both daily streamflow and diel streamflow.



Daily Streamflow: 
Large Increase

Diel Streamflow: 
Moderate Increase

Presenter
Presentation Notes
Here is the PRE treatment where 19% of the catchment was harvested on a north-facing slope. The riparian treatment was very intense, and we saw a large increase in daily streamflow and a moderate increase in diel streamflow.



Daily Streamflow: 
Large Increase

Diel Streamflow: 
Large Increase
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Here is the ASP treatment where 25% of the catchment was harvested on a south-facing slope. The riparian treatment was light, and we saw a large increase in both daily streamflow and diel streamflow.



3%

19%

25%
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Presentation Notes
Here are all the treatment together with a summary of their main characteristics.What is important to see here is that riparian treatment did not have a significant effect on the daily streamflow. We observed a similar increase in daily streamflow in both the PRE and ASP treatments, despite them being on the extremes of the riparian treatments we tested. The harvest area in the catchment was a much better indicator of daily streamflow increase, although the high intensity riparian treatment in the PRE stream may have contributed in increasing the daily streamflow about as much as the higher harvest area in the ASP stream. Additionally, the Looking at the diel stream, there is a more complex story. It seems that harvest area and riparian treatment both contribute to the amount of increase in diel streamflow. The lightest riparian treatment resulted in the largest increase in diel streamflow, and we believe that the Close relationship between harvested area and streamflowSmall effect of riparian treatment on daily streamflowHarvest area and riparian treatment both appear to affect diel streamflow



3. Less intense   
riparian treatment

Expectations

1. Timber harvests increase daily 
streamflow

2. More intense   
riparian treatment

larger daily
streamflow

larger diel
streamflow

Yes, large increase

No, we found a larger effect 
from harvest area

Yes, least intense treatment had 
highest increase
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To summarize our expectations, here is a brief list:Timber harvests increase daily streamflowMore intense riparian treatment (removing more trees from the riparian zone) increases daily streamflow moreLess intense riparian treatment (removing less trees from the riparian zone) increases diel streamflow following harvest



Daily Streamflow:

Presenter
Presentation Notes
First looking at the daily streamflow, as this is a bit simpler. GO SLOWSince the increase in streamflow had a close relationship with the amount of the catchment harvested, we think the harvest of 



Diel Streamflow:

Presenter
Presentation Notes
GO SLOW



Caveats of Results

• Time frame of results

• Large weather variations

• Harvest area differences
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Presentation Notes
As with most studies, there are some caveats to our results. The number 1 caveat to these results is that we have only 2 years of post-harvest measurements and 1 year of pre-harvest measurement. At the end of the two years, vegetation was just beginning to regrow and no significant growth of tree had begun yet. Previous research has seen declines in streamflow as soon as vegetation beings regrowing on the hillslopes and begins to use the soil moisture again. We would expect the increase we see in streamflow to only last a few years following harvest. Also, our methods assumed that the one pre-harvest year we could measure was a typical summer we could compare the post-harvest streamflow to.Large variation in weather between the study years. We accounted for differences in weather, but it the amount of precipitation may change the runoff processes, then the processes driving the changes we observed may be differentWhile not intended, the amount of the catchment harvested ended up being different for each treatment. This makes it difficult to directly compare the riparian treatment, and while we did not see a significant difference from the riparian treatment as a study with harvests that match more closely may find a difference between treatments.



Management 
implications:

Whole catchment, not just 
riparian buffer, affects 
streamflow

Amount of the catchment 
harvested is more influential 
than buffer

Overall stream health effects

Site variability seems high
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Presentation Notes
Our results show that the whole catchment area, not just the riparian buffer design, affects streamflow. Even the densest buffer still resulted in a large increase in daily streamflow. Forest managers should look at the whole timber harvest, not just the riparian area when assessing effects on streamflow.The amount of the catchment that is harvested appears to be far more impactful than the design of the riparian buffer, when looking at streamflow. While our results show that the first few years following harvest will likely see an increase in streamflow, other research has shown that follow decades may see a decrease in streamflow, and this longer term reduction may not be worth the short term increase in streamflow. If we just look at the short term, it is likely that an increase in streamflow during the dry summer months would be a benefit to headwater ecosystems, as long as the other aspects of stream water quality are sufficiently protected from the timber harvest. 



Take Home Points:

Forest operations  large effects on 
streamflow

The whole catchment affects 
streamflow, not just riparian area

The amount of harvest > riparian 
buffer treatment

Riparian vegetation controls diel 
fluctuations

Protections for headwater streams 
are complicated!
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Thank you!

I hope you enjoyed this 
research as much as 
the wildlife did!
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Any questions?
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